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A virial  equation of state for nitrogen has been determined by use  of 
newly measured speed-of-sound data and existing pressure-density-temperature 
data i n  a multiproperty fitting technique. The experimental data taken were 
chosen t o  optimize the  equation of s ta te  for  a pressure range of 0 t o  1 0  atm 
and for a temperature range of 60 t o  350 K. Comparisons are made for thermo- 
dynamic properties calculated both from the new equation and  from existing 
equations of s ta te .  
INTRODUCTION 
Over the past several years, there has been  renewed in te res t  i n  gaseous 
nitrogen i n  the pressure range of 0 t o  1 0  atm  and the temperature range of 60 
to  350 K. T h i s  in te res t  has grown out of the  developnent of the cryogenic 
wind-tunnel  concept a t  the Langley  Research  Center (LaRC) of the National 
Aeronautics and Space Administration (NASA) .  T h i s  new wind-tunnel  concept 
uses nitrogen gas a t  cryogenic temperatures to obtain aerodynamic da ta  a t  high 
Reynolds numbers  and at  t ransonic  Mach numbers. The need for an accurate equa- 
tion of s t a t e  became apparent as real-gas effects on flow simulation and data- 
reduction  requirements were studied. Although the well-known equations of 
s t a t e  (Jacobsen and Beattie-Bridgeman, refs.  1 and 2, respectively) were read- 
i ly available,  discussions between NASA and the National Bureau of Standards 
(NBS) revealed that very l i t t l e  experimental data were available for gaseous 
nitrogen at  the time of their  developnent to substantiate these equations of 
s t a t e  i n  the pressure range of interest .  Because of the  lack of experimental 
data, it was believed that substantial uncertainty could exist i n  thermodynamic 
quantities derived from either the Jacobsen or the Beattie-Bridgeman equation. 
To eliminate t h i s  uncertainty and to  provide an equation of s ta te  for  gaseous 
nitrogen optimized to the more limited pressure and temperature regions used 
w i t h  cryogenic tunnels, Nl3S has taken sound-speed data (ref.  3 )  for the condi- 
tions of interest  and has used a v i r i a l  equation of s t a t e  and a multiproperty 
f i t t i n g  technique ( re f .  4 )  to  a r r ive  a t  an optimized equation of s t a t e .  
The authors would l i ke  to  thank Robert M. Hall and Jerry B. Adcock of 
NASA-LaRC  who contributed significantly to the contents of t h i s  report. 
SYMBOLS 
Symbols  hown below i n  parentheses are those used i n  table  I.  
a (VEL) sound speed, m/sec 
B (BO) second vir ia l   coeff ic ient ,   l i ters /mol  












s e c o n d   d e r i v a t i v e  of B 
t h i r d  v i r i a l  c o e f f i c i e n t ,  (liters/mol) 
f i r s t   d e r i v a t i v e   o f  C 
s e c o n d   d e r i v a t i v e  of C 
specific h e a t  a t  c o n s t a n t  p r e s s u r e ,  J / ( m o l ' K )  
s p e c i f i c  h e a t  a t  constant  volume,  J / ( m o l . K )  
pe rcen t  d i f f e rence  be tween  present v a l u e s  a n d  r e f e r e n c e  1 v a l u e s  
i n t e r n a l  e n e r g y ,  J/mol 
e n t h a l p y  , J/mol 
p r e s s u r e ,  atm (1  atm = 101.3  kPa) 
g a s  c o n s t a n t ,  8.31  434 J / ( m o l * K )  
en t ropy ,  J/ (mol- K) 
t empera tu re ,  IPTS-68, K 
specific volume, liters/mol 
d e n s i t y ,  mol/liter 
MULTIPROPERTY FITTING 
The use of sound-speed measurements for calculating thermodynamic proper- 
ties is well e s t a b l i s h e d   ( r e f s .  5 to 7 ) .  The  sound speed relates  to d e r i v a t i v e s  
of the   p r imary   thermodynamic   quant i t ies  p, P, and T i n  a non l inea r   f a sh ion .  
For  example , 
a 2  = (z) 
S 
or , e q u i v a l e n t l y ,  
2 
and 
It is  this  nonlinearity  which  prevents  the  use  of  conventional  linear  least- 
squares  fitting  techniques  (ref. 4)  . 
The pressure  and  the  sound  speed  are  computed  from  the  density  virial 
expansion 
The virial  coefficients  B  and C are  in  turn  represented  by  an  assumed  power 
expansion in  temperature  as  discussed  later  in  the  paper.  Coefficients  from 
which  B  and C are  computed  are  found  by  using  multiproperty  fitting  of  two 
sets of  data. 
Multiproperty  fitting  is  a  technique  which  allows  the  use  of  different 
kinds  of  thermodynamic  data  simultaneously  in  a  least-squares  estimation of the 
adjustable  parameters  in  an  equation  of  state.  In  the  present  case  this  tech- 
nique  allows  the  simultaneous  use  of  p-p-T  data  and  sound-speed  data  to  deter- 
mine  a  virial  equation  of  state.  The  technique  is  especially  appropriate  for 
this  particular  combination of data  forms  to  determine  the  second  virial  coef- 
ficient B. An additional  advantage is obtained  in  this  case  because  the B in 
equation ( 4 ) ,  which  is  the  density  virial  expansion,  and  the  B  in 
pv = RT + Bp (5) 
which  is  the  pressure  virial  expansion,  are  interchangeable.  Therefore,  an 
expression  for  the  sound  speed  may  be  derived  from  equation (5) which  contains 
only the  variables  p, a, and T (i.e., no density) . These  are  the  actual 
measured  variables.  This  expression  is  then  combined  with  equation ( 4 )  by 
multiproperty  fitting  to  determine  B  in  the  density  virial  expansion.  For 
details  of  this  process,  see  reference 4. 
EXPERIMENTAL METHOD 
The sound  speed was  measured  with  a  fixed-path-length  cavity, or resonator. 
Electrostatic  transducers  were used  for  sound  generation  and  detection. A 
standing  wave  is  produced  by  exciting  the  generating  transducer  with  a  variable 
frequency.  The  frequency of the  oscillator  is  adjusted  for  maximum  received 
signal,  which  occurs  at  the  cavity  resonance.  At  resonance  there  are an inte- 






The sound speed is computed f rm 
a = FX (7)  
G e n e r a l l y ,   f r e q u e n c i e s  F were measured  corresponding to resonances  for 
N = 6 ,   8 ,  10, 12,  1 4 ,  or 16.  Three to  f i v e   r e s o n a n c e   f r e q u e n c i e s  were mea- 
su red  and  the  expe r imen ta l  sound  speed was t a k e n  to b e  t h e  a v e r a g e  of t h e  
v e l o c i t i e s  computed from t h e  v a r i o u s  f r e q u e n c i e s .  
The c a v i t y  wall is a tube  of  Invar  67  mm long  and 1 0  mm i n  diameter. The 
electrostatic t r a n s d u c e r s  are a t  t h e   e n d s   o f   t h e   c a v i t y .  The i n s i d e  wall of 
t h e  t u b e  was ground and polished to  a l low proper eva lua t ion  o f  t he  boundary  
effects. The sound speed i n s i d e  t h e  t u b e  i s  slower than  it would be i n  a n  
unbounded medium because of  energy losses to  t h e  walls and  ends  v ia  thermal  
conduc t ion   and   v i scous   d rag .   Th i s   d i f f e rence   i n   sound  speed can be computed 
a c c u r a t e l y  by using thermodynamic properties s u c h  as v iscos i ty ,  thermal  conduc-  
t i v i t y ,   h e a t   c a p a c i t y ,   a n d   d e n s i t y  of t h e   g a s  medium ( r e f .  1 ) .  For t h e   p r e s e n t  
e x p e r i m e n t a l  m e t h o d ,  t h e  s i z e  o f  t h i s  c o r r e c t i o n  was g e n e r a l l y  a few hundredths 
of a p e r c e n t  i n  s o u n d  speed: however, it i n c r e a s e d  t o  about  0.5 p e r c e n t  i n  t h e  
worst case, which  occurred  a t  low tempera ture  and  h igh  pressure .  
The a c t i v e  t r a n s d u c e r  s u r f a c e  was a t h i n ,  f l e x i b l e  p las t ic  f i l m  (ref.  81, 
coated on one side w i t h  aluminum  of a t h i c k n e s s  of approximate ly  50 nm (500 A ) .  
The conduc t ing  s ide  was p laced  on  the  ends  of t h e  t u b e  a n d  s t r e t c h e d  t i g h t l y  so 
as to  produce a f l a t  su r face .  Immedia t e ly  on  the  o the r  side o f  t h e  coated s u r -  
f a c e  were placed t h e   e l e c t r o d e s ,  which were copper discs. The s i g n a l  s t r e n g t h  
applied to  t h e  electrodes was 50 to 100 V a t  1 to 30 kHz. The t r a n s d u c e r s  pro- 
duce  sound of m e a s u r a b l e   i n t e n s i t y   o v e r   t h i s   r a n g e   o f   f r e q u e n c i e s .  Over t h e  
f r e q u e n c y  v a r i a t i o n  of the  wid th  of  a s i n g l e  r e s o n a n c e  t h e  s o u n d  i n t e n s i t y  is 
e s s e n t i a l l y   c o n s t a n t .  
Temperatures were m e a s u r e d  o n  t h e  I n t e r n a t i o n a l  Practical  Temperature 
Scale-68  (IPTS-68)  with a p l a t inum res i s t ance  the rmomete r  ca l ib ra t ed  by t h e  
NBS Heat S e c t i o n .  U n c e r t a i n t i e s  i n  t h e  m e a s u r e d  t e m p e r a t u r e  were estimated 
to be 5 mK a t  the  lower  temperatures   and  approximately 50 mK a t  350 K. Pres- 
s u r e s  were measured with a p r e c i s i o n  q u a r t z  sp i r a l  Bourdon tube, calibrated 
a t  the  Nat ional   Engineer ing  Laboratory  with  an  a i r -dead-weight   gage.   Pressure 
u n c e r t a i n t i e s  were estimated to be less than  0.01 3 p e r c e n t  a t  1 5  atm, i n c r e a s -  
i n g  t o  0.3  percent  a t  0.33 atm. The sample gas was u l t r a p u r e  carrier type .  
A n a l y s i s  o f  t h e  n i t r o g e n  g a s  by t h e  s u p p l i e r  showed an oxygen concentrat ion of  
1 ppm and t o t a l  hydrocarbon concent ra t ion  of  less than  0.2  ppn. 
To estimate t h e  u n c e r t a i n t y  i n v o l v e d  i n  t h e  o v e r a l l  e x p e r i m e n t a l  p r o c e d u r e ,  
sound-speed measurements of helium gas were t a k e n  i n  t h e  a p p a r a t u s  a n d  were 
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found to be within 0.05 percent  of  known values. This value of 0.05-percent 
uncertainty  is  taken  to  be  the  uncertainty  in  the  present  nitrogen  measurements. 
RESULTS 
The density  virial  coefficients  resulting  from  application  of  the  multi- 
property  fit  to  sound-speed  and  p-P-T  data  are  based on temperature  expan- 
sions. The form of the second  virial  coefficient is expressed as 
and  the  form  of  the  third  virial  coefficient  is  expressed as 
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.92533057293+03 -. 3351 637808E+04 
. 1  99231 1 9543+04 
-21  899700953-01 -. 59493496943-01 
-.23997966503+02 
.45342444133+03 -. 2283997281 E+04 
The  values  for  the  thermodynamic  properties  for  nitrogen  computed  from 
equations (8)  and (9 )  for B and C are  given  in  table I. Values  are  com- 
puted  for  isotherms  starting  at 60 K, increasing  at 10-K increments  to 1 1  0 K 
and  at 20-K increments  from 110 to 350 K. The  second  and  third  density  virial 
coefficients  with  the  first  and  second  derivatives  of  each  are  shown  at  the  top 
of  each  page.  For  most  isotherms  the  property  values  are  computed  at  pressures 
beginning  at 0 . 2  aim  and increasing  to 1 0  atm  in 0.2-atm increments. The val- 
ues  for  two-phase  conditions are indicated  by  the  notation "2-PHASE  BOUNDARYgg 
shown at  the  right  side  of  the  table.  Values  for the  thermodynamic  properties 
are  given  beyond  the  two-phase  boundary  as  an  indication  of  the  properties  for 
metastable  conditions. 
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The tabular values of the  thermodynamic properties are arranged for com- 
parison of the values computed from the vir ia l  coeff ic ients  w i t h  the existing 
values from NBS Technical Note 648 ( re f .  1). The f i r s t  column for each case 
is computed f r m  the virial equation. The numbers  of the different columns are 
presented as percent of deviation from TN 648 values i n  the graphs i n  figures 1 
to  7. However, above approximately 150 K the differences are omitted from the 
graphs because they generally are very close to the values of Technical Note 64:  
i n  that region. 
The largest  deviations  (approximately 6 percent) were found for  cp and 
cv  for  the  values  at  saturation i n  figure 1 and for  cp  for  the 100-K iso- 
therm i n  f igure 2. Deviations of about 1 percent were found for internal energq 
( f i g .  3) and enthalpy ( f i g .  4 ) .  Deviations of a few tenths of a percent were 
found for entropy (fig. 5) , density (fig.  6)  , and sound speed (f ig .  7 )  . The 
largest deviations i n  property values occurred for isotherms at 90, 1 0 0 ,  and 
11 0 K and at  pressures near the two-phase boundary, for which the change i n  
sound speed w i t h  pressure is largest .  
The sound-speed measurements ( re f .  3) from which the vir ia l  coeff ic ients  
are computed  were taken for isotherms from 80 to  350 K and at  pressures from 
0.33 t o  15 atm. Figures  8, 9, and 10 show sound-speed deviations at 80, 150, 
and 310 K, respectively, computed w i t h  the virial coefficient as the reference. 
Jacobsen, and Beattie-Bridgeman - for predicting the experimental sound speeds, 
and that  no one of these equations is clearly superior i n  terms of f i t t i n g  t h e  
sound speed for  isotherms  over  the  entire  temperature  range. However, as 
explained l a t e r ,  t h e  virial  equation is expected t o  be superior i n  predicting 
specific heat capacities. 
"These three figures i l lustrate the accuracy of the three equations - v i r i a l ,  
For figures 8 t o  10, the largest deviations of predicted sound speeds are  
a t  150 K. Sound speeds calculated w i t h  the virial equation are 0.1 to  0.2 per- 
cent larger than those calculated from either the Beattie-Bridgeman  or  the 
Jacobsen equation. For the 80-K isotherm the deviations are i n  the other 
direction and become larger as the pressure increases, w i t h  the largest devi- 
ations occurring for the experimental data. The last three data points are 
believed t o  be incorrect, since they could not be represented by a v i r i a l  
expansion for  t h i s  isotherm  taken  separately. However, comparison of v i r i a l  
surfaces computed w i t h  and without these points shows that the points do not 
affect the derived surface to any degree of significance. A t  temperatures 
larger than 150 K the agreement w i t h  the virial  surface was generally as 
seen i n  figure 1 0. 
ACCURACY OF THE CALCULATED VALUES OF THERMODYNAMIC PROPERTIES 
The accuracy of calculated values of thermodynamic properties depends on 
a number of different  factors .  Often an estimation of accuracy i s  made  on the 
basic agreement between the experimental value and the calculated value of the 
property i n  question. An estimate made i n  t h i s  manner is an estimate of the 
precision of the experimental data and almost always resu l t s  i n  an assessment 
of accuracy which is unrealistically small. Systematic errors i n  experimental 
data are usually greater than the imprecision i n  those data. 
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A more realist ic estimate of t h e  a c c u r a c y  o f  d a t a  is to  compare t h o s e  d a t a  
wi th  similar d a t a  f r a n  o t h e r  sources and then make an  estimate of  the agreement .  
This method is p robab ly  conse rva t ive ,  bu t  it is more real is t ic  than  equa t ing  
p r e c i s i o n  to a c c u r a c y .  I n  t h i s  particular case a realist ic estimate of t h e  
accuracy  of  a p r o p e r t y  v a l u e  may be determined by t a k i n g  t h e  maximum d e v i a t i o n  
shown f o r  a p a r t i c u l a r  p r o p e r t y  i l l u s t r a t e d  i n  f i g u r e s  1 to 7 .  The  one  excep- 
t i o n  is t h e  s p e c i f i c  h e a t  c a p a c i t y ,  f o r  w h i c h  e x p e r i e n c e  h a s  shown t h a t  empirical 
equa t ions  o f  s ta te  u s u a l l y  p r e d i c t  e r r o n e o u s  h e a t  capacities n e a r  t h e  s a t u r a t e d  
vapor boundary (and other boundaries such as t h e  s a t u r a t e d  l i q u i d  a n d  solid 
boundar ies )   un less   ex t reme care is t aken  to p r e v e n t  t h e  error ( r e f s .  9 to 1 2 ) .  
This  e r roneous  hea t -capac i ty  behavior  is due to t h e  h i g h  d e g r e e  o f  f l e x i b i l i t y  
of most equat ions  of  s ta te  ( t h e  J a m b s e n  e q u a t i o n ,  f o r  e x a m p l e ,  h a s  3 2  a d j u s t -  
a b l e  parameters) and  the  absence  o f  t he  data immedia te ly  beyond the  sa tura t ion  
boundary to con t ro l  t he  behav io r  o f  t he  equa t ion  o f  state. I n  t h e  case of t h e  
s a t u r a t e d  v a p o r  b o u n d a r y ,  a d d i t i o n a l  s t r a i n  is p laced  on  the  equa t ion  o f  s ta te  
because  the  equa t ion  mus t  eva lua te  the  r eg ion  o f  dens i t i e s  be tween  the  vapor  
a n d  l i q u i d  p h a s e s  i n  s u c h  a manner as to p r e d i c t  t h e  same p r e s s u r e  g i v e n  t h e  
same t e m p e r a t u r e   b u t   d i f f e r e n t   d e n s i t i e s  (i.e.,  a van de r  Waals loop). Th i s  
problem is avoided by choosing t h e  v i r i a l  e q u a t i o n  o f  s ta te  which has a minimum 
o f  a d j u s t a b l e  c o n s t a n t s  and  by using only vapor-phase data  (no van der  Waals 
l o o p  r e q u i r e d )  w i t h  pressures of 1 5  atm or less. 
Al though   mul t ip rope r ty - f i t t i ng   t echn iques  used wi th  p p - T  d a t a   t o g e t h e r  
wi th  e i ther  sound-speed  data or spec i f i c -hea t - capac i ty  data  can reduce the  
error i n  s p e c i f i c - h e a t - c a p a c i t y  v a l u e s  as p r e d i c t e d  by empi r i ca l  equa t ions  o f  
s t a t e  n e a r  t h e  t w o - p h a s e  t r a n s i t i o n ,  n e i t h e r  o f  t h e s e  l a t t e r  t w o  k inds  of  da ta  
were a v a i l a b l e  a t  t h e  time the  Jacobsen  equa t ion  was formula ted .  
Based  on  the  preceding  arguments ,   the  cp and cv from t h e  wide-range 
e q u a t i o n s  of s ta te  near   the   sa tura ted-vapor   boundary  are ques t ionable .   There-  
f o r e   t h e  maximum u n c e r t a i n t y   o f   t h e   v i r i a l  cp and cv is estimated t o  be 
2 percent ,  which corresponds to  the  d isagreement  shown i n  f i g u r e s  2 and 3 
for tempera tures  for wh ich   s a tu ra t ed   cond i t ions  are no t  a factor. The average  
u n c e r t a i n t y   i n  cp and cv is closer to 1 percen t .  
SUMMARY OF RESULTS 
For many subs t ances  there is a l a c k  of d a t a  i n  t h e  g a s  r e g i o n ,  espe- 
c ia l ly   near   the   two-phase   boundary .  As a consequence, t h e  thermodynamic 
properties of t h i s  r e g i o n  are gene ra l ly  found  to be p o o r l y  c h a r a c t e r i z e d  by 
equa t ions  of state. To correct t h i s   s i t u a t i o n   f o r   n i t r o g e n ,   m e a s u r e m e n t s  of 
the  speed  of   sound  in   the  gas   phase  have  been  combined  with p-p-T data by 
m u l t i p r o p e r t y - f i t t i n g  t e c h n i q u e s  to produce a d e n s i t y  v i r i a l  e x p a n s i o n  for 
n i t rogen .  Th i s  new v i r i a l  e x p a n s i o n  s h o u l d  p r o v i d e  a more accurate r ep resen ta -  
t ion  of  the  thermodynamic  properties ( e s p e c i a l l y  h e a t  c a p a c i t y )  i n  t h i s  r e g i o n .  
The v a l u e s  o f  t h e  v i r i a l  c o e f f i c i e n t s  f o u n d  f r a n  t h i s  o p t i m i z a t i o n  are 
compared i n  d e t a i l  to  the  thermodynamic-proper ty  va lues  der ived  by Jacobsen. 
The v i r i a l  e q u a t i o n  s o u n d  s p e e d s  are also compared to  t h e  new expe r imen ta l  
da ta  and  to  those computed from the Beat t ie-Bridgeman equat ion and from the 
Jacobsen  equa t ion  fo r  80-, 1 SO-, and 31 0-K isotherms.  
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E x p e r i m e n t a l i s t s  s h o u l d  be encouraged to take  more detailed data near  
two-phase  boundar ies ,  and  espec ia l ly  in  the  gas  reg ion ,  s ince  the  behavior  of  
the  thermodynamic  sur faces  near  these  boundar ies  is g e n e r a l l y  t h e  most uncer- 
t a i n .  However, i n  t h e  case o f  t h e  g a s  p h a s e  t h i s  may well be t h e  most d i f f i -  
c u l t  r e g i o n  to  take data. 
Langley Research Center  
Nat iona l  Aeronaut ics  and  Space Admin i s t r a t ion  
Hampton, VA 23665 
November 2, 1979 
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TABLE I.- THEMDYNAMIC  PROPERTIES MIR NITROGEN  mMPUTED FROM VIRIAL  COEFFICIENTS 
PRES OENS QENS O I F  CP D I F  c v  D I F  VEL  VEL D I F  
P T H  
CP CV 
J/MOL .K z J/HOL. K z H I S  % a114 
PRES 




. 8 0  
6 0  








A T M  
0 662 
. 2 0  
. 4 0  
60 







2 . 2 0  
. a 414 




- 3 4 1 5  
.2827 
- 4 0 6 4  
.4793 
- 5 6 7 1  
-6816 














D I F  
% 












20.96 20.92 -16 
21.32 
21.89 









H H O I F  
J/MOL % 


























1233.7  4.9 “10 

















6 0  





























1 . 0 0  
. 8 0  
1.20 
1.60 











3 . 8 0  
PRES 
ATH 
. 2 0  
e3804 
40 
. B O  
e60 





2 . 0 0  
2.20 
2.40 
2 ,  60 
2.80 





DENS  DENS 
fl0LlL 












- 5 0 7 0  
e5630 
,6231 





D I F  
z 
. 0 7  
-14 
TABLE I .- Cont inued  
B l =  .1054220€-01 82=-.5266d45€-03  CO=-.1995286E-01 Cl= e 1 6 7 5 9 2 8 E - 0 2  
C P  CP 
JlH0L.K 
29.86  29.70 
30.59  30.29 
5 S D I F  
J/flOL.K x 
162.50 162.54 - e 0 2  




































1 3 0 . 1 1  
D I F  c v  c v  

























O I F  
x 
2OC8.7 2011.4 -.13 



















D I F  VEL  VEL D I F  
% M I S  x 
.40 169.42 163.44 -.01 





















E O I F  
1433.6  1435.9 -.16 





















A Tf l  
PRES 
ATE( 



















3 . 8 0  
3.60 
129 















3 . 0 0  
3.23 
3.40 
3.  63 
3.80 
\ 
TABLE I .- Continued 
TEMP= 80. K B0=-.2526219E+OO 
PRES 
A T M  
.2 0 
40 





























DENS  DENS 
n o L / L  
e 0 3 0 7  a0307 
0619  e 0619  
mO936 0935 
- 1 2 5 9  - 1 2 5 7  
.1587 e1585  
.1922 - 1 9 2 8  
- 2 1 7 5  -2170  
a2263 
- 2 6 1 1  
2966 
- 3 3 3 0  
- 3 7 0 1  
a 4 0 8 2  
.4473 
.4875 








- 9 2 1 4  
- 9 8 2 6  






D I F  
x 
. 0 2  
05 




e 2 3  
CP 
J/MDL. K 
CP D I F  
T. 
2 9 - 5 1  29.47  e31 
30.06 29.87 - 6 3  
31.11 30.71 1.29 
30.57 30.28 -95  
31.68 31.16 1.63 
32.28 31.64 1.98 

























c v  
J/MOL. K 
c v  0 I F  
20.97 20 .91  - 2 7  
21.17 21.05 - 5 5  
21.36 21.19 - 8 3  
21.78 21.48  1.38 
21.99 21.63 1.66 
22.16 21.75 1.87 
x 


























M / S  
VEL O IF  
181.53  181.53 - . O O  
180.72  100.74 " 0 1  
x 
179.89 179.93 " 0 2  
179.05 179.10 -e03 
178.18 178.26 - e 0 4  
117.30 177.40 "05 


























A T M  
. 2 0  































TABLE I .- Continued 
PRES 






















4 . 2 0  
4 . 4 0  








S S D I F  
J/HOL .K z 
166.47 166.49 "01 
160.57 160.60 " 0 2  
157.05 157.10 -e03 
154.51 154.58 - a 0 5  
152.50 152.59 "06 
150.83 150.94 "07 




144 .94  
143.17 
142.35 
145 .91  
144.03 
141.57 






















2220 .1  
2206.5 




2 1 0 3 . 3  
2081.9 





1908 .9  
1848.7 
1879.6 






















-. 06  1645.7 -. 13 1634.5 
- . 2 1  1623 .1  
- . 2 8  1611.5 
36 1599.6 
-.45 1587.4 -. 52  1578.2 


























































TABLE I.- Continued 



















































- 0 2 7 2  - 0 2 7 2  
- 0 8 2 6  a0826  
0548  0548  
e l l 0 8  - 1 1 0 7  
- 1 3 9 2  - 1 3 9 2  
- 1 6 8 1  e1680 
- 1 9 7 3  - 1 9 7 2  
a2268  - 2 2 6 7  
a2568 - 2 5 6 6  
a2872  e2869  
e 3 1 7 9  m3175 
- 3   4 9 1  - 3 4 8 6  
- 3 8 0 8  - 3 8 0 2  
- 4 1 3 0  - 4 1 2 2  
, 4 4 5 6  e 4 4 4 7  
a 5 1 2 5  a5112  
- 4 7 8 8  - 4 7 7 7  
- 5 3 8 3  - 5 3 6 7  
- 5 4 6 9  
e5818  
e6174 
- 6 5 3 7  
690  7 
.7284  
e 7 6 7 1  
8 0 6 6  
847  0 
- 8 8 8 5  
e 9 3 1 1  
. 9 7 4 9  




1 .2167  




1 .5183  
1 .5912  
1.7595 




0 I F  
x 
. O J  









. 12  
1 4  
.19 
- 1 6  
. 2 1  
24  





































50 .99  
49.36 
52 .81  
57.15 
54.84 









213 .61  
29.35 
































3 - 7 6  
3.49 
3.97 
C V  
J/MOL. K 
c v  OIF 
x 
2 1 - 0 2  20.95  .36 
20.90  20.86 -18 
21.14 21.03 e54 
21.27 21.12 - 7 2  
21.40 21 .20  e90 
21.53 21.29 1.09 
21.66 21.38 1 - 2 0  
2 1 . 8 0  2 1 . 4 8  1.47 
21.94 21.57 1.66 
22.08 21.67 1.85 
22 .22  21.77 2 - 0 4  
22.37 21.87 2.24 
22.53 21.91 2.44 
22.68 22.08 2.64 
22.84 22.19 2.84 
23.01 22.31 3.05 
23.30 22.51 3.41 































VEL 0 I F  
x 
192.80 






















176 .57  
17  7.43 
174.77 
175.68 
173 .83  
172.87 
171.88 
17  0.85 










155.  63 
15  3.49 
151.01 


















181 .88  
183.15 
-.oo 
. o o  
- . o n  -. 0 1  -. 0 1  -. 0 2  -. 0 2  
“03 -. 0 4  
-. 05 04 
-. 07 “06 -. 0 8  -. 09  -. 1 0  
-.ll 
- . 1 2  
PRES 
A T M  
.20 
-40 
- 6 0  
.80  
1 . 0 0  
1.20 
1 . 4 0  
1 . 8 0  
1.60 
2.20 





































TABLE I .- Continued 






1 .00  
.80 




2 .00  
2.20 
2.40 




















6 . 4 0  





















153.1 7 153.24 
151.96  152.03 
149.89  14 .99 
150.47  150.96 
148.99  14 .10 


































D I F  
x 
- . o o  
























































































-.09 -. 13 
“16 
- .20  






-.58 -. 64 -. 70 -. 76 










































































- . 22  
-.26 
-e31  





























































. 20  




















































0 2 4 5  
a 0 4 9 1  
0 740 





- 2 2 7 6  
2540 













- 2 0  1 5  
- 2 2 7 6  
- 2 5 4 0  
30 75 
- 2 8 0 7  
.3347 
- 3 6 2 1  
.3897 
- 4 1 7 7  a4177  
.4460 e4459 
.4745 .4744 
e5033 - 5 0 3 2  
- 5 3 2 5  -5323  
- 5 6 2 0  a5618  
- 5 9 1 8  .5926 
a6220  - 6 2 1 7  
- 6 5 2 5  - 6 5 2 1  
e6835 a6830 
7148 7142 
7 465 7457 
-7786 -7777  
.Ell1 . B i o i  
8442  8430 
- 8 1 7 7  -8763  
a9116  - 9 1 0 0  
-9461 -9443  




















-. 0 0  
-. 0 1  -. 0 1  -. 01 -. 01 -. 0 1  
-.Dl 
-. 0 1  -. 0 1  -. 0 1  -. 0 0  -. 0 0  -. 0 0  . 0 0  
.Ol 
. 0 1  
.Ol 
. 02  
. 0 2  
.04 
- 0 3  




. 0 8  
. 1 0  
.I1 
. 1 2  
1 4  
1 6  













































































































































c v  
J/HOL. K 








































































































1 - 6 7  
i . ao  
1.93 
2.06 























H I S  
VEL D I F  
x 
203.41 





















































2 9 2 . 0 5  
2 0 1 . 6 0  
200.68 
201.14 
































. O l  
. oo  
. o o  
0 0  
-. 0 0  .oo -. 0 0  
-. 01 -.oo -. 01 -. 01 -. 01 -. 02 
- . 0 2  -. 0 2  
-.03 
-. 02 
-. 03 -. 03 -. 04 -. 04 
-. 05 
-.Ob -. 06 
"07 
"07 
- .08 -. 09 
-.lo -. 10 -. 11 
-.12 -. 1 3  -. 1 4  
-. 16 "15 







- 6 0  
. 8 0  







2 . 4 0  
2.60 





































1 0 . 0 0  
9.80 
PRES 
A f H  
.20 
- 6 0  
40 
.80 




2 .00  
1.80 
2.20 
2 . 4 0  
2.60 
2.80 
3. 0 0  
3.20 
3 . 4 0  
3.60 
3.80 
4 . 0 0  



















































































































143 .36  
142.61 










- . O D  
- . a 1  
- .01 
- . 0 1  
- . 0 2  
-.02 
-.02 -. 03 
"03 
" 0 3  
- .OS -. 04 -. 04 




- e  Ob 
"07 
-.OB 
-. 09 - . 0 8  -. 03 
-.lo -. 1 0  
-.ll -. 12 
-.12 
-. 14 - e 1 3  
- e 1 4  











































2 4 5 8 . 8  

























































-. 0 1  
-. 0 4  -. 03 -. 05 
07 
-. 1 0  -.08 





-. 26 -.23 
"30 
-.28 
- e 3 3  
-.35 






































































































1832  - 2  
1823.3 
1814.2 
1 8 0 5 . 0  
1795.6 





- .02  










- e 3 0  
- . 3 3  
-a36 






















































3 . 4 0  






















TABLE I.- Continued 
TEMP=llO. K 80=- .1315468Et00 
PRES 
ATn 
. 2 0  
0 6 0  




1 .40  


















5 . 4 0  
5.20 
5.60 





















9 - 0 0  
DENS DENS 
HOL/L 
.0222  .0222  
a 0 4 4 6  - 0 4 4 6  
e 0 6 7 1  e 0 6 7 1  
1124 .llZS 
- 0 8 9 7  e0897  
e1354  - 1 3 5 4  
- 1 5 8 4  - 1 5 8 4  
e1816  e1817  
- 2 0 4 9  - 2 0 5 0  
- 2 2 8 4  ,2285 
e 2 5 2 1  - 2 5 2 2  
2 759  2 760 
e2998  3000 
,3239 e 3 2 4 1  
3 4 8 2  - 3 4 8 4  
.3727 .3729  
, 3 9 7 3  e 3 9 7 6  
m 4 2 2 1  -4224 
a 4 4 7 1  a4474  
- 4 7 2 2  ,4726 
4 9 7 6  - 4 9 8 0  
, 5 2 3 1  "5236 
a 5 4 8 9  e5493  
- 5 7 4 8  - 5 7 5 3  
- 6 0 0 9  - 6 0 1 5  
6 2 7 3  - 6 2 7 9  
6 5 3 8  6545 
- 6 8 0 6  - 6 8 1 3  
- 7 0 7 6  - 7 0 8 3  
e 7 6 2 3  - 7 6 3 1  
I 7 3 4 8  7356  
.e179 - 8 1 8 8  
- 7 9 0 0  e7908 
e 8 4 6 1  e8470 
- 8 7 4 6  - 8 1 5 5  
- 9 0 3 3  e9042 
.9323  .9333 
e9616  - 9 6 2 6  
1 .0210  1.0220 
. 9 9 1 1  . 9 9 2 1  
1.05ll 1 .0522  
1.0816  1.0827 
1.1123  1 .1135 
1.1435  1.1446 
1 .1749  1 .1760 
1.2067  1.2078 
1 .2389   1 .2400  
1 .2714  1 .2725 
1.3044  1.3054 
1.3371  .3387 
DIF 
x 
-. 0 1  -. 0 1  -. 02  
- .02  -. 02  
-. 03  -. 0 3  -. 0 4  -. 0 4  
05 
-. 05 
-. 0 6  -.os 
06 
0 6  
07  
07  -. 07  
"07  
-.a8 -. 0 8  -. 08 -. 09  -. 09  -. 09  -. 09  -. 09  
- . l o  -. 1 0  
-. 1 0  -.IO -. 1 0  
-.lo -. 1 0  
-.lo 
-. 1 0  -. 1 0  
-.lo 
-.io 
-.lo -. 1 0  -. 1 0  -. 1 0  
-.lo -. 1 0  -. 09  
-.09 -. 0 9  
"08  -. a 8  
B 1 =  .2400019E-O2  82=-.6578317€-04 CO= .2324862E-02 C l :  . 8171079€-04  









30.36 30 2 1  
30.71 30 .51  
30.88 30.67 
31.06 30.83 










32.88 32 40 
33.33 32.79 
33.57 32.99 
34.05 33 .41  
33.81 33.20 
34.56 33.84 






36.24 35 .28  
36.55 35 .54  
36.87 35.80 






39.34 37 .88  
39.74 38.22 
40.57 38.91 
40.15 38 .56  
41.46 39.65 
4 1 . 0 1  39.27 
41.93 40.03 
42.42 40.43  4.67 
DIF 
x 
- 0 6  
.12 
. 1 8  
e 2 4  
e 30 
. 43  
e36 
. 4 9  
a56  
6 3  
a70 
.77  
- 8 4  
. 9 1  
1.06 
.99 







1 .80  
























4 . 5 2  
c v  
J/MOLI K 
c v  DIF 
x 
20.83 20.82 - 0 7  
20.88 20.85 - 1 3  
20.98 20.93 - 2 7  
20.93  20.89 e 2 0  
21.09 21.00 -41 
21.04 20 .97  e34 
21.14 21.04  - 4 8  
2 1 . 2 0  2 1 . 0 8  e55 
21.25 21 .12  e 6 2  
21.31 21.16 - 7 0  
21.37 21.20 - 7 7  
21.42 2 1 - 2 4  - 8 5  
21.48 2 1 - 2 0  - 9 3  
2 1 . 5 4  21.32 1 - 0 1  
21.60 21.36 1.09 
21.72  21.45 1.25 
21.66  21.41  1.17 
21.78  21.49 1.33 
21.85  21.54 1.42 
21.91 21.58 1.SO 
21 .97  21 .63  1 . 5 9  
22 .04  21.67 1.67 
22 .11  21.72 1.76 
22.17 21.76 1 - 0 5  
2 2 . 2 4  21 .81  1.94 
22.38 21.91 2.13 
22.31 21.86 2.04 
22.46 21.96 2.22 
22.53 22.01 2.32 
22.60 22.06 2.42  
22 .68  2 2 . 1 1  2 .52  
22.75 22.16 2.62 
22.83 22 .21  2.72 
22.99 22.32 2.93 
22.91 22.26 2.82 
23.07 22.37 3.03 
23.15 22.43 3.14 
23.24 22.48 3.25 
23.32 22.54 3.36 
23.50  22.65  3.59 
23.41  22.60 3.47 
23.59 2 2 . 7 1  3.70 
23.77 22.83 3.94 
23.68 22 .77  3.82 
23.87 22.90 4 - 0 6  
23.96 22.96 4.19 
24.06 23.02 4.31 
24.16 23.09 4.44 
24.26 23.15 4.57 
24.37 23.22 4.70 
VEL V E L  
HIS 
213.46 223.44 
213.12 2 1 3 . 1 0  
212.77 212 .76  
212.43 2 1 2 . 4 1  
2 1 2 . 0 8  212.06 






210.68  210.66 
209.96  209.94 
209.24  209.22 
208.50 208.49 





205.86 205 .86  
206.25 2 0 6 . 2 4  
205.48 205.47 
205.09 205.08 






201.86 2 0 1 . 8 8  
202128 202.29 
201.44 201.47 
2 0 1 . 0 2  201.05  
200.60 200 .63  
200.17 2 0 0 . 2 1  
199.74 199.78 
199 .31  1 9 9 . 3 5  
198.87 198.92 
198.42 198 .48  
197.98 198.04 
197.52 197 .60  
197.07 197.15 
196 .61  196 .70  
196.14 196.24 
195.67 195.78 
195.20 1 9 5 . 3 1  
194.72 194.84 





. 0 1  
. 0 1  
.Ol 
.Ol 
. 0 1  
. 0 1  
.Ol 
.Ol 
. a i  
.Ol 
.Ol 





. 0 1  
.Ol 
.Ol 
. o o  
. o o  
. o o  
. oo  
. o o  
- .oo 
- . o o  
- . o o  
- . 0 1  -. 0 1  
- . 0 1  -. 01 
- . 0 1  -. 0 2  
-.02 -. 0 2  -. 02  
"03 -. 03 -. 03 -. 04  -. 0 4  
04 -. 05 





e 4 0  
60  

















4 . 0 0  
4.60 
4.40 


























193.75  193.89  "07 10 .00  
PRES 
A TH 
. 2 0  
e 4 0  
e 6 0  
.80 
1 . 0 0  












3 .40  
3.80 
4.00  








































































































































-.oo -. 0 0  




- . 0 1  
- . 0 1  
- . 0 1  
-.01 
- . 02  
-.01 
-.02 
-. 0 2  
- .02  
- . 0 2  
- .02  
"03 
- e 0 3  
03 -. 03 
"03 -. 04 
"04 -. 04 
04 -. 04 
- .05 
- a  05 
05 
























































28  23.3 
3041.6 
2897.5 
































































D I F  
-.oo 
- . 0 1  
- . 0 1  -. 02  
03 
-. 03 -. a 2  
-. 04 -. 05 
-.Ob 
-. 07 - .Ob 
-. 09 -.08 
09 -. 1 0  
- . l l  
- .12 
- e  14 
"13 
- e  15 -. 16 
-e17 -. 18 -. 19 
- .20 
- 2 1  
-e23 
" 2 4  
-.25 
"27 
- . 2 8  
"31 
-.29 
-.33 -. 34 






-a5 0 -. 52 -. 54 
-.57 -. 60 










2241.  E 
2236.1 
2230.5 
































































































- . 0 2  
"04 
-. 03 
"05 -. 06 


















-. 32 - e 3 0  
-. 35 -.34 
-.37 
-.39 







- a 5 6  
-.59 






























































0 TABLE I .- Continued 
A T M  
PRES 




















































, 0 1 8 8  
0565 
- 0 3 7 6  
.0755 
- 1 3 2 9  
,1137  
- 1 5 2 2  






e 2 8 9 0  





- 3 8 9 0  
e4092 





- 5 1 1 7  
a 5 7 4 1  
1 5 5 3 2  
5 9 5 1  
- 6 1 6 2  
- 6 3 7 3  
.6586 
680 0 
- 7 0 1 4  
7229  
.7  446 
- 7 6 6 3  
e 7 8 8 1  
. a 1 0 0  
8320 










. 0 1 8 8  





- 1 3 2 9  
- 1 5 2 2  
- 1 7 1 6  
-2105  
- 2 4 9 7  
.26 94 
- 3 0 9 1  
- 3 4 9 1  
-3894  
a1910 
e 2 3 0 1  
2892 
- 3 2 9 2  
3692 




- 4 9 1 7  
- 5 1 2 4  




a 5 3 3 1  
-6172  
6 5 9 8  
6812  
7027 
- 7 2 4 3  
- 7 6 7 9  















-.01 -. 01 -. 02  -. 0 2  -. 0 3  
03 -. 04 -. 04 -. 05 
-. 06 - e  05 -. 06 
07 -. 07 
0 8  -. 0 8  -. 09 
09 
-.lo -. 1 0  -. 11 
-.12 -. 1 2  
- a  1 3  
1 3  -. 14 -. 14 
-. 15 - e  15 -. 1 6  -. 16 
-e17  
- . i o  -. 1 8  -. 19 -. 19 -. 2 0  -. 2 0  
- .21 -. 22 -. 2 2  -. 23 -. 23 -. 24 -. 2 5  
-. 26 -. 25 
-.27 
2 7  






























31.79 3 1  e 6 4  
31.91 31.75 
32.02 31.85 



















34.48  34.15 




- 0 3  
- 0 6  
- 0 7  
08 
. 1 0  
.12 
1 3  
1 5  
1 6  
1 8  









3 8  




4 6  
- 5 0  
e 4 8  




6 4  
m61 
6 6  
- 6 8  








9 1  
.93 
9 6  
1 . 0 1  
98 













































































































. 1 0  





. 2 0  












- 5 0  
56 
.59 
- 6 2  
65 
- 6 8  





- 8 7  
90 
.94 





















































































































D I F  
% 
.Ol 
. 0 1  
.Ol 
. 0 2  


















- 0 5  
05 
- 0 5  
05 












- 0 6  
06 
- 0 5  
05 









e 4 0  
- 6 0  
8 0  
















































D Z O  
4 0  
0 6 0  















3 - 6 0  


























































































167  e20 























1 5 1  1 9  
150.8’3 




















. n o  
.oo 






















































































































































D I F  
% 
. o o  
.oo 






































0 5  
.05 
- 0 5  
- 0 5  
. 0 5  
05 
- 0 5  
- 0 6  



























































26  76.1 
2672.1 
2668.1 


























































- e 0 0  
-.oo 
- . 0 1  
-.oo 



















- . 02  
- .02  
-.02 
-.02 


































































- 6 0  
.80  
1 . 0 0  
1.20 

































8 .00  
8.20 











a 0 1 6 3  
-0 3 2 6  
0 4 8 9  
e0653  
e0817  
. 0 9 8 2  
- 1 1 4 7  
e1312  
- 1 4 7 7  
1 6 4 4  
.1810 
- 1 9 7 7  
2 1 4 4  
e2312 
2480  
- 2 6 4 8  
- 2 8 1 7  
- 3 1 5 6  
- 2 9 8 6  
a 3 3 2 6  
3 4 9 6  
- 3 6 6 7  
.3838 
, 4 0 1 0  
e 4 1 8 2  




- 5 0 4 8  
. 5 2 2 3  
.5398  
.5513  
.5  749 
- 5 9 2 6  
- 6 2 8 0  
6 1 0 2  
66   35  
a 6 4 5 7  
- 6 8 1 4  
, 6 9 9 3  
- 7 1 7 2  




e 8 0 7 7  
,8259  
.8 442 
- 8 6 2 5  
DENS 
0163  
0 3 2 6  




- 1 1 4 7  
- 1 3 1 2  
1 6 4 4  
.1418 
.la11 
1 9 7 8  
- 2 1 4 5  
- 2 3 1 3  
, 2 4 8 1  
- 2 6 5 0  
2819  
.2988 




- 4 0  14 
, 3 8 4 2  




- 4 8 8 0  
- 5 0 5 5  
52  30 
5 4 0 5  




6 4 6 8  
- 6 2 8 9  
6825  
- 6 6 4 6  
a7005  
7 1  85 
7366  
. 7 5 4 7  
.7728  
- 7 9 1 0  
a8093  
- 8 2  76 




-. 0 1  -. 0 1  -. 02 -. 02  -. 02  
-. 03  -. 0 3  
-. 04 -. 0 4  -. 0 4  
05 
- e  05 -. 0 6  
- e  06 
0 6  
"07 
-.07 
-. 0 8  
- .08 -. 0 8  -. 09  -. 0 9  
-.lo -. 1 0  
- . l l  -. 11 -. 11 -. 1 2  -. 1 2  
- e 1 3  
-. 13 
1 3  
- e  14 -. 1 4  -. 1 5  
- e  1 5  -. 1 6  
1 6  -. 16  
" 1 7  -. 1 7  
-. 1 8  -.18 -. 1 8  -. 19  -. 1 9  
-.2 E 
- .20 
- .t i  
- . 2 1  














29.80 29 .80  
29.86 29 .86  
29.98 29.98 
29.92 29 .92  
30.09 30.09 











30.51  30.51 
30.82 30.82 
30 .88  30.88 
30.95 30.95 
31 .01  31 .01  
31.08 31.08 
31.14 31 .14  
31.21 31.21 
31.27 31.27 




31 .61  31 .61  
31.68 31.68 
31.89 31.88 
31.82 31 .81  







- . o o  





- . D O  
- .oo 
-.oo -. 0 0  
-.oo 







- .oo -. 0 0  
-.oo 
- . o o  
- .00  
.oo 
.oo 
. o o  
. o o  
. G O  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
.oo 
.Ol 













. a i  
CV C V  
J/HOL. K 
20.80 20.80 
20.79  20.79 
20.81 2 0 . 8 1  
20.83 20.83 
2 0 . 8 4  2 0 . 8 4  
20.85 20.85 
20.86 20.86 
20 .88  2 0 . 8 8  
20.87 20.87 
20.90 20 .89  
2G.91 20.90 
20.92 20 .91  
20.93 20.93 
20.96  20.95 
20.94  20.94 
20.97  20.96 
20.99  20.98 
20.98  20.97 
21.02 21.01 
21. 0 0  21.00 
21.04 21.03 
21.03 21 .02  
21.05  21.04 
21.07 21.05 
21.08 21.07 
21.09 21.08  
21.11 21.09 
21.12 21.10 





21 .20  21.17 
21 .21  21.18 
21.23 21.20 
21 .24  21 .21  
21.25 21 .22  
21.20 21.25 
21.27 22 .23  
21.30 21.26 
22.32  21.28 
21.34 21.30  




21 .41  21.36 




. o o  
. o o  








. 0 2  
. 0 2  
- 0 3  
03 
03 
0 4  
-04 
0 4  
05 




- 0 7  
. 0 8  
. 0 8  
.09 
. 0 9  
. 11 .lo 
. l l  
. 1 2  
.12 








.19 . 20 
1 2 1  
.22 
. 2 2  
.23 
. 2 4  
- 2 5  
- 0 5  
VEL VEL 
H / S  
249.54  249.52 
249.42  249.38 
249.17 249.12  
249.29  24 .25 
249.04 248 .99  
248.92  248.86 
248.67 248.59 
248.55 248 .46  
248 .42  248.33 





2 4 8 . 8 0  248.72 
247.67  241.54 
247.54  247 .41  
247.42 247 .20  
247.29 247.15 
247.17 247 .01  
246.91 246.75 
247.04 2 4 6 . 8 8  




2 4 6 . 2 8  246.10 









245.0 0 244.79 
2 4 4 . 8 8  244.66 
244.75 244.53 
244.62 244.41 
2 4 4 . 4 9  2 4 4 . 2 8  
244.36 244.15 
244.23 2 4 4 . 0 2  
2 4 4 . 1 0  243.89 
243.97 243 .76  
243.84 243.63 
243.58 243 .37  
243.71 243.50 
243.32 2 4 3 . 1 1  




. t i  
. 0 2  
.02 
.02  




0 4  
.04 
05 
0 4  
05 
05 
- 0 5  




- 0 6  
07  
07  











. O B  
.09 
.09  
















e 4 0  
e60 

















4 . 0 0  
4.60 
4.40 





























TABLE I.- Continued 





- 6 0  
1.00 
.80  













4 .00  
3.80 
4 - 2 0  
4.40 
4.60 

















































































. oo  
. O D  
. o o  
.oo 
. o o  
. o o  
. D O  
00 
. o o  
.oo 
.oo 
. o o  
.oo 




. o o  










. O D  



























































4 1  87. 2 
4177.6 
4182.4 
4 1  72.8 
4168.0 
4163.2 










































































- 0 3  
- 0 3  
.03 
. 0 3  
04  
0 4  
- 0 4  
- 0 4  




- 0 5  
06 
Ob 
- 0 6  
- 0 6  
06 
. 5 7  
.07 
07 
- 0 7  
08 
rn 08 




















































































































C 1 Z - e  318814bE-04 C2=-. 3170416E-06 
D I F  
r. 
. o o  
. a 0  
. O D  












. 02  
.02 
. 0 2  




e 0 3  






0 4  
0 4  
0 4  
- 0 4  














- 0 7  






















































TABLE I.- Continued 
TEMP=170. K 80=-.5191681E-01 
PRES 
A T M  
- 4 0  . 20  














3 .40  
3.60 
3. 8 0  
4 . 0 0  
4.20 
4 . 4 0  
4.60 






























- 0 4 3 1  
- 0 2 8 7  
0575 
a0720 
e 0 8 6 4  
. l o o 9  




e 1 7 3 6  
. l a 8 2  
. 2 0 2 8  








- 3 2 0 7  
m3504 
- 3  653  
e3802  
- 3 9 5 1  
- 4 2 5 0  
e 4 4 0 0  
- 4 5 5 0  
- 4 7 0 1  
- 4 8 5 2  




- 5 6 0 9  
e5761  
- 5 9 1 3  
a6066  
. b i o i  
- 6 2 1 6  
e 6 3 7 1  
6525  
- 6 6 7 8  
6986  
e 6 8 3 2  
e7140  





a 0 4 3 1  
- 0 5 7 5  
e0720  
0864 
- 1 1 5 4  
. 1 0  09 





2 029  
,2176 
a2323 






- 3 5 0 7  










e 5 0 0 8  
e5159  








- 6 6 8 8  
.5768 
-6842 
. 7 1 5 1  
- 7 4 6 1  
- 6 9 9 6  
73  06 
0 I F  
z 
-. 01 -. 0 1  -. 0 1  -. 02  -. 02 
-. 03 -. 02  -. 0 3  -. 03 
"04 -. 0 4  
"05  
-.Ob 
-. 05 -. 05 








-. 1 0  -. 1 0  -. 10 -. 11 -. 11 -. 11 
- .12 
-. 12 -. 1 2  -. 12 -. 13 -. 13 
"13 
-e13  -. 14 -. 14 
-. 15 -. 1 4  
-. 15 -. 15 
"15 


















































































3 0 . 2 4  
30.20 
30 2 8  
30.33 
30 - 3 7  
30.41 
30 - 4 9  
30.62 












3 1  11 
31.06 
31.15 




- .01  
-.01 
- 0  01 
-.02 
- .02 -. 0 2  
-e03  
-a0 3 -. 03 
- e 0 4  
" 0 4  
-. 05 -. 0 4  
- e 0 5  
- a  0 5  
- e  06 
"06  -. 06 -. 07 
"07 -. 0 8  -. 08 
- . O B  
-.09 -. 09 
-.09 
-.lo 







- a 1 3  
14 -. 14 -. 15 -. 15 
15 
- s i  6 -. 1 6  
- e 1 7  
1 7  
-.18 -. 1 8  
-.19 
-.19 
c v  
J/HOL. K 
20.79 
2 0 . 8 0  
20.79 









2 0 . 8 6  
20 .88  
20.87 







































20 .81  






2 0 . 8 6  
20 87 








































-. 00 -. 0 1  -. 01 -. 0 1  -. 0 2  -. 02 
- . 0 2  
- .02 -. 03 
"03 
0 3  
- .OS -. 04 






06 -. 0 6  
-.Ob 
"07 -. 07 -. 07 
- a  07 
- .08  
-.08 
-.OB 







-. 10 -. 1 0  -. 1 0  -. 10 -. 11 -. 11 -. 11 -. 11 -. 11 -. 11 -. 11 -. 1 2  
-.in 

















264.64 2 6 4 . 5 0  




















263.07 262 .81  
263.86 263.64 






262.63  2 2.37 
262.49 262.22 
262.42 262.15  
262.35 262.08 
262.28 262 .0 i  
262.20 261.93 
O I F  
x 
. 0 1  
.02  




0 3  
- 0 3  
04 
.a4 














. 0 8  
- 0 8  
.OB 
.08  











. 1 0  
.10  
. 1 0  
.10 
. 1 0  
. 1 0  
. 1 0  
.10 
. 1 0  
.10 
.10  





















4 . 0 0  
4.20 
4.60 
4 . 4 0  
4.80 











































































9 - 6 0  
9.80 












































































163  32 
162.11 
161.74 































. O O  
. o o  
. o o  
. o o  
.oo 
. o o  
. O O  
. o o  
. o o  
.on 
. o o  





. o o  
.oo 




e o 0  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
.oo 
.oo  
. o o  
.oo 
. o o  
. o o  


















































































































. oo  
. o o  









. 02  



































. 0 8  














































































































. o o  
.oo 
. O i l  
. o o  
.o 0 
















. 02  
. 0 2  
.02 
.02 






- 0 3  
e 0 3  
03  
a03 
- 0 4  
0 4  
e 0 4  
. 0 4  
04 
.04 




a 0 5  
05 
PRES 



















































TABLE I.- Continued 
PRES 
nrn 
. 2 0  
.40 
a60 
. 8 0  









2 .80  
3 . 0 0  
3.20 
3.40 
3 . 6 0  


























9 .00  
9.40 
9.60 




n o w L  
. 0 1 2 8  




- 0 7 7 2  
.0901 
1 0 3 0  
e1160  
- 1 2 8 9  
-1419 
1 6 7 9  
1 5 4 9  
. l o o 9  
1 9 3 9  
- 2 0 6 9  
- 2 1 9 9  
e2330  
- 2 4 6 1  
- 2 5 9 2  
- 2 8 5 4  
e2722  
- 3 1 1 6  
2985 
3248 
. 3  379  











-4 969  
e5103  
- 5 2 3 6  
- 5 3 7 0  
- 5 5 0 4  
e5638 
- 5 7 7 2  
- 5 9 0 6  
- 6 0 4 0  
6 1  75 
- 6 3 0 9  
6 4 4 4  
- 6 5 7 9  
DENS 
. 0128  
- 0 2 5 7  
0514 
0 385  
0643 
- 0 7 7 2  
. 0901  
e 1 0 3 1  
- 1 1 6 0  
- 1 2 9 0  
- 1 4 1 9  
e1549  
. 1809  
~ 1 6 7 9  
- 1 9 4 0  
- 2 0 7 0  
- 2 3 3 1  
.2201 



















- 5 1 0 8  
.49 74 
- 5 2 4 2  
55 1 0  




- 6 0 4 7  
61 82 
- 6 3 1 7  
64  52 
- 6 5 8 7  
DIF 
z 
- . 0 1  -. 01 
- . 0 1  -. 01 
-. 0 2  -. 02 -. 02  
- a  0 3  
- e  03 
-. 03 03 
- e  04  
"04 
-. 05 -. 04 
-. 05 05 
-. 06 05 -. 06 
06 
- a  0 6  -. 07 -. 07 
-.a7 -. 07 -. 08 -. 08 -. 0 8  -. 08 -. 08 
-. 09 -. 09 
-. 0 9  -. 09 
- . i o  
-.lo -. 10 -. 10 -. 10 -. 11 
-.ll 
- . l l  -. 11 -. 11 -. 11 




























































































30 2 1  
30.24 














- . o o  
- . o o  
- . 0 1  
- .01  








- e 0  3 -. 0 4  -. 04 -. 0 4  
0 4  -. 05 
-.a5 
-. 05 
- e  0 6  
-. 05 
-. 0 6  -. 06 
"07 
-e07 -. 07 





- . t o  -. 1 0  
-.lo 





"13 -. 1 3  
"14 -. 1 4  -. 1 5  
-.a1 










































































20 .89  
20.89  



























2 a . a  
DIF 
z 
- . O O  
- . o o  -. 0 1  - . O l  
- . 0 1  -. 01 
- . 0 2  -. 0 2  -. 02 -. 0 2  
- e  03 



















-. 09 -. 09 -. 09 -. 1 0  
-.io -. 10 
-. 11 -. 1 0  -. 11 
-.ll -. 12 -. 12 
-.12 -. 1 2  -. 1 3  
"13 -. 13 
v EL VEL 
n/s 
280.92 280 .88  
280.35 280.93 
280.88  2 0.83 















280.23  280.13 
280.26 280.09 
280.22 280.04 

























27%  29 279.0 1 
279.25  278.98 
279.18  27 .90 























- 0 6  
- 0 7  
07 
e07 






. 0 8  




. 0 9  




































































. 2 0  
-40 
a60 





































































166.22  166.22 
























160.21  160.20 
159.21  159.21 
159.03 159.02 






















. o o  










. o a  

















































































5491  8 











































. o o  
. o o  
. O D  







. 0 1  
. 0 1  










. 0 2  




e 0 3  
- 0 3  
03 













- 0 5  
05 
. 0 5  
05 
-05 











































































































. D O  
.oo 
. o o  
.oo 










. o o  
.oo 
.oo 
. o o  



















. O l  
.01 

































































TABLE I.- Continued 
PRES 





1 .20  














































t i O L / L  
-0116 
0 2 3 2  
0 349 











e 1 7 5 0  
-1867 
-1984 





































-05  0 1  
0465 
0698 











































. 59 on 
D I F  
I! 
-. 0 1  -. 0 1  -. 0 1  
-. 02 -. 0 1  
-. 02 -. 02 
-. 03 -. 02 
03 -. 03 
-. 04 03 -. 04 
04 -. 04 -. 05 -. 05 -. 05 -. 05 -. 05 
- e  06 
-. 06 
- e  06 -. 06 -. 06 -. 07 
-. 07 -. 07 -. 07 -. 07 -. 0 8  
- .08 
-. 08 -. 0 8  
- . 0 8  -. 09 -. 09 -. 09 -. 09 -. 09 -. 09 
-.lo -. 1 0  -. 1 0  -. 1 0  -. 1 0  -. 1 0  -. 1 0  -. 11 




















































D I F  
'1. 
. o o  
. o o  
. o o  
. o o  
.oo 
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
- .oo 
. o o  
- . D O  -. 0 0  
-.oo 




- .01  
-.01 -. 0 1  
-.Ol 
- .01  
-.01 
-. 0 1  
- .01 
- .01  
-.02 
- . 0 1  
-.O2 -. 02 
-.or? 
-.O2 




-e03 -. 03 
"04 
-.03 
" 0 4  
- . 0 4  
-. 04 
- e 0 4  









2 0 . 8 1  



















































2 0 . 8 1  
20 .81  
20.82  








































0 I F  
T. 
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
.oo 
.oo 
- . o o  
. o o  
- . o o  -. 0 0  
-.oo -. 0 0  -. 0 0  -. 0 0  -. 0 0  -. 0 0  
-. 0 0  -. 0 0  
- . 01  
-. 0 1  -. 0 1  -. 0 1  
- . 0 1  
- . 0 1  -. 01 
-. 0 1  -.01 
-.01 
- . 0 1  
-. 0 1  
- .02 
- . 0 2  -. 0 2  -. 0 2  
- . 0 2  
- .oz 





295.38  295.35 







295.32  95.25 







295.20  295.07 
295.18  295.03 
295.15  295.0 0 
295.16  295.02 
295.14  294.98 
295.13  294.96 
295.10 294.93 
295.11 294.95 
295.09  294.91 
295.06  294.88 






294.98 294. 76 







294.90  294.66 
294.87  294.63 
294.88  294.65 
294.86  294.62 
294.84  294.59 
294.85  294.61 
294.83  294.58 
294.82  294.57 
294.79 294.54 
294.80 294.55 
D I F  
% 



































. O B  
.08 
.OB 
. 0 8  
. 0 8  
.08  
.08 
. 0 8  
. 0 8  
. 0 8  
.08 
. 0 8  
























































A T M  
.20 
e 4 0  
e 6 0  



































































































D I F  
% 
. o o  
.oo 
.oo 
. o o  
.oo 
. o o  
. o o  
.oo 
. o o  
. o o  
.oo 
. o o  
. o o  
. o o  
.oo 
.oo 
. o o  
. o o  
. O D  




. o o  
. o o  
.oo 
. o o  
. o o  
.oo 
. o o  
. o o  
. o o  
. o o  
. o o  
.oo 
.oo  
I O 0  
. o o  
.o 0 
. o o  
.oo 
.oo 
. o o  
. o o  
.oo 
. o o  











60  89.2 
6036 .7  
6094.2 
6079 .2  













60  46.6 
60  44.1 
6041.6 
60  39.1 













































































. o o  
. o o  
. o o  
. o o  










. O l  
. O l  
. O l  
.Ol 
.Ol 
. 0 2  
.02 
. 0 2  




. 0 2  
. 0 2  
.O2 
.02 
















m 0 4  
. 0 4  
- 0 4  





























430  6.3 











4 2 8 5 . 1  


































































- . o o  
-.oo 
- . 00  
- .oo 
- . o o  
-.oo 
-.oo 
I O 0  
. o o  
. o o  
.oo 
. o o  
. o o  
.on 
. o o  
.oo 
.oo 
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
.oo 
. o o  
.oo 
. o o  
.oo 
. o o  
. o o  
.oo 
. o o  
. O O  

















e 4 0  
e60 
.80 















































0 TABLE I .- Continued 
TEflP=230. K 90=-.2066007E-01 
PRES 
A l f l  
. 2 0  
40 


















































- 0 1 0 6  
.0212 
m0318 




- 0  849  
- 0  956  
- 1 0 6 2  
- 1 1 6 9  
1 2 7 5  
- 1 3 8 2  
e 1 4 8 8  
1 5 9 5  
- 1 7 0 2  
. l a 0 8  
. 2 0 2 2  
.1915 
- 2 2 3 6  
- 2 1 2 9  
- 2 4 5 0  
- 2 3 4 3  
- 2 5 5 7  
2664  




- 3 3 0 8  







- 4 0 6 1  
- 4 1 6 8  
e4276  
, 4 3 8 4  
- 4 4 9 2  
460 0 
e4816  
- 4 7 0 8  
4 9 2 4  
e5032  
m5141 
- 5 2 4 9  
.5357 
DENS 
- 0 1 0 6  
.0212 
e0318  
- 0 4 2 4  
0 5 3 1  
0637  
-0743  
- 0 8 4 9  
- 1 0 6 2  
- 0 9 5 6  
- 1 1 6 9  









1 5 9 5  
- 2 3 4 4  
-2558  




30 9 5  
- 3 2 0 2  
-3310  
3 4 1  7 
-3525  
- 3 6 3 3  
-3740  
.3848 
3 9 5 6  
40 6 4  
- 4 1 7 2  
- 4 2 8 0  
,4388 
- 4 4 9 6  
4605  
e 2 4 5 1  









-. 0 1  -. 0 1  -. 0 1  -. 0 1  -. 0 1  -. 0 2  -. 02 
-. 02 -. 0 2  -. 0 3  -. 03 
-. 0 3  - e  03 
04 -. 0 4  
-. 0 4  " 0 4  
- e  04  -. 05 





- e  0 6  -. 0 6  
-. 07 06 
07 
-. 07 07 
-. 07 -. 07 -. 08 -. 0 8  
-. 0 8  -. 08 -. 08 -. 08 -. 09 -. 09 -. 09 -. 09 
09 -. 09 -. 09 -. 09 -. 1 0  
CP  CP 
J/flOL K 
29.11  29.11 
29.13 29.13 
29.17 29.lb 
29.15  29.15 
29.20 29.20 
29.24 29.23 












29.45 2 9 - 4 4  
29 .44  29.43 
29.47  29.46 
29.49  29.48 






























. o o  
. o o  
. O l  
.Ol 
. 0 1  
. O 1  
.Ol 
. 0 2  
. O l  
.02 






- 0  3 
e03 
e03  
- 0 3  
- 0 3  
e03 
e03  
- 0 4  
- 0 4  
0 4  
- 0 4  
.04 
0 4  
04 
- 0 4  
-04 
0 4  
- 0 4  
- 0 4  
e 0 4  
-05  
- 0 5  
05 
05 
- 0 5  
05 
05 
- 0 5  
.05 













20 .80  2 0 . 8 0  
20.81 20.80 
20.81 20.80  
20.82 20.81 
2 0 . 8 1  20.81 
20.82  20.81 
20.82 20.82  
20.82 2 0 . 8 1  
20.83 20.82 
20.83  20.82 
20.83 20.83 
20.84 20.83 
20.84  20.83 
20 .84  20.83 
20.85 2 0 . 8 4  
20.85 2 0 . 8 4  
20.85 2 0 . 8 4  
20.86 20.85 
20.86 2 0 . 8 4  









20.89 20 .  87 














20.93 20 .91  
0 IF 
x 
. o o  
.Ol 
. O l  
. O l  
. O l  
. 0 2  
.O2 
.02 
. o 2  
03 
03 
. 0 3  
03 
03 
- 0 4  
- 0 4  
0 4  
.05 
05 
- 0 5  
05 
05 
0 4  
- 0 5  
06 
- 0 6  
06 
- 0 6  
06 




- 0 7  
.07 
07 
- 0 7  
.08 
- 0 8  
. 0 8  
.OB 
.08  
. 0 8  
.08 
. 0 8  
. 0 8  
. 0 8  
.08 




309.16  309.13 
309.17 309.13 















































309.24  309.10 
OIF 
x 
. O l  
.Ol 
. 0 1  
.Ol 
. 0 2  
.02  





- 0 3  
03 
0 3  
- 0 3  
04 
03 
. 04  
-04 
.04 
- 0 4  
- 0 4  
04  
0 4  
- 0 5  
05 










- 0 6  
06 
- 0 6  
0 6  
- 0 6  
06 
- 0 6  
06 
06 





C2=  .3174180€-0b 
PRES 
ATf l  
. 2 0  
- 6 0  
e 4 0  
.80 














































TABLE I.- Continued 





- 6 0  
1.00  
.80 

























































































165.75  16 .74 
165.55 165.55 
165.35 165.35 





O I F  
y: 
. o o  
. o o  
.on 
.oo 




. o o  
.oo 
. o o  
.oo 
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  




. o o  
.on 
. o o  
. o o  
. o o  
.oo 




. o o  
.oo 
.oo 
. o o  
. D O  
.oo 
.oo 
. o o  
. o o  
. o o  
. o o  
.oo 
. o o  
. o o  
.oo 
.oo 








































































































O I F  
‘I 
. o o  
. on  
.oo 
. o o  












. 0 1  
.Ol 
.Ol 
. 0 2  
.O2 
. 0 2  
. 0 2  
.02 
. 0 2  
. 0 2  
. 0 2  
.02 
. 0 2  
.02 
.02  
. 0 2  
. 0 2  
. o z  
- 0 3  
.03 
03 
. 0 3  
03 
- 0 3  

















































































































O I F  
y: 
. O O  
. o o  
.oo 
. o o  
.oo 





. o o  
.no 
. o o  
r o o  
. o o  
. o o  
.on 
. o o  
. o o  
. o o  
. o o  
. o o  





. o o  
.on 
. a 0  





. O l  









. a i  
.Gl 
. a i  
.01 






















































h, TABLE I.- Continued 
TEMPr250. K 80=-.1414974E-01 
PRES 
ATM 
. 2 0  
40 
0 6 0  
.80  
1 . 0 0  
1 .20  
1.40 
1 .60  
1 .80  





3 - 2 0  
3.00 
3 .40  
3 .60  
4 . 0 0  
3.80 
4.20  
4- 40  
4.60 
5 . 0 0  
4.80 
5.20  
5 . 4 0  
5 . 6 0  
5 . 8 0  
6 - 2 0  
60 0 0  
6 . 4 0  
6 . 6 0  
6 . 8 0  
7 .00  
7 .20  




8 .20  
8 .40  
8 . 6 0  
8.80 
9 .00  
9 . 2 0  
9 .60  
9 .40  
10 .00  
9 . 8 0  
DENS 
MOL/L 
. o  098 
- 0 1 9 5  
0 2 9 3  
- 0 3 9 0  
e 0 4 8 8  
0 5 8 5  
0 6 8 3  
- 0 7 8 1  
0879 
- 0 9 7 6  
- 1 0 7 4  
1270 
. i l l 2  
1 3 6 8  
. 1 4 6 5  
- 1 6 6 1  
. l e 5 7  
- 1 5 6 3  
- 1 7 5 9  
-1955 
2 053  
- 2 1 5 1  
, 2 3 4 8  
e 2 2 4 9  
. 2 4 4 6  
2 5 4 4  
e 2 6 4 2  
m2839 
e 2 7 4 0  
e 2 9 3 7  
- 3 0 3 5  
, 3 2 3 2  
. 3 1 3 4  
- 3 4 2 9  
- 3 3 3 0  
e 3 5 2 7  
~ 3 6 2 6  
e 3 7 2 4  
- 3 8 2 3  
- 3 9 2 1  
- 4 0 2 0  
a 4 1 1 9  
-421 7 
- 4 3 1 6  
- 4 4 1 5  
4 5 1  3 
- 4 6 1 2  
- 4 7 1 1  
- 4 8 1 0  
. k g 0 8  
DENS 
. 0 0 9 8  
- 0 1 9 5  
- 0 2 9 3  
- 0 3 9 0  
, 0 5 8 6  
- 0 6 8 3  
- 0 7 8 1  
- 0 8 7 9  
- 1 0 7 4  
, 1 1 7 2  
- 1 2 7 0  
- 1 3 6 8  
. 1 4 6 6  
- 1 5 6 4  
- 1 6 6 2  
- 1 7 6 0  
. 1 8 5 8  
- 1 9 5 6  . 2054 
0 4 8 8  
0 9 7 7  
- 2 1 5 2  
e 2 2 5 1  
. 2 3 4 9  
- 2 5 4 5  
- 2 7 4 2  
, 2 4 4 7  
e 2 6 4 4  
e 2 8 4 0  
2 9 3 9  
3 1 3 6  
. 3 0 3 7  
3 2 3 4  
. 3 3 3 3  
- 3 4 3 1  
a 3 5 3 0  
- 3 6  28 
- 3 7 2 7  
- 3 8 2 6  
- 3 9 2 4  
- 4 0 2 3  
.4122 
- 4 3 1 9  
. 4 5 1 7  
-44 18 
- 4 6 1 6  
. 4 7 1 5  
-4814  
- 4 9 1  3 
42 2 1  
D I F  
7. 
-. 0 0  -. 0 1  -. 01 -. 0 1  -. 0 1  
- . 02  -. 02  
-. 02  -. 0 2  -. 0 2  
03  
-. 0 3  - a  03 -. 0 3  -. 03 
- e  04  
0 4  -. 04 -. 0 4  -. 04  
- e  0 4  -. 05 
0 5  
- e  0 5  -. 0 5  
-. 06 -. 0 5  
-. 06 - e  0 6  
-. 06 -. 06 -. 06 
“06  
-. 07 07  
07  
- e  07 -. 07 -. 07 -. 07 
-. 08 -. 08  -. 08  -. 08 




-. o a  
E l =  .2931131E-03  E2=-.2971934E-05 C O =  -3094885E-03  Cl=- .4405322E-05 
CP CP 
J/MOL. K 
2 9 . 1 1   2 9 . 1 1  
2 9 . 1 2   2 9 . 1 2  
2 9 . 1 5  2 9 . 1 5  
2 9 . 1 4  2 9 . 1 4  
2 9 . 1 7  2 9 . 1 7  
2 9 . 1 8  2 9 . 1 8  
2 9 . 2 0  2 9 . 1 9  
2 9 . 2 1  2 9 . 2 1  
29 .23  2 9 . 2 2  
2 9 . 2 4  2 9 . 2 4  
2 9 . 2 6  2 9 . 2 5  
2 9 . 2 8  2 9 . 2 7  
2 9 . 2 9  2 9 . 2 8  
29 .31  2 9 . 2 9  
2 9 . 3 4   2 9 . 3 2  
2 9 . 3 2   2 9 . 3 1  
29 .35   29 .34  
29 .40   29 .38  
2 9 . 3 8   2 9 . 3 7  
2 9 . 3 7   2 9 . 3 5  
2 9 . 4 1  2 9 . 3 9  
29 .43  2 9 . 4 1  
2 9 . 4 4  2 9 . 4 2  
29 .46  2 9 . 4 4  
2 9 . 4 7  2 9 . 4 5  
2 9 . 4 9  2 9 . 4 7  
2 9 . 5 0   2 9 . 4 8  
2 9 . 5 3   2 9 . 5 1  
2 9 . 5 5   2 9 . 5 2  
2 9 . 5 2   2 9 . 5 0  
2 9 . 5 8  2 9 . 5 5  
29 .56  29 .54  
29 .59  2 9 . 5 7  
2 9 . 6 1  2 9 . 5 8  
2 9 . 6 2   2 9 . 6 0  
2 9 . 6 4  2 9 . 6 1  
2 9 . 6 5  2 9 . 6 3  
2 9 . 6 7  2 9 . 6 4  
29.68 29 .66  
29 .70  2 9 . 6 7  
2 9 . 7 1  2 9 . 6 8  
29 .73  29 .70  
2 9 . 7 6  2 9 . 7 3  
2 9 . 7 9  2 9 . 7 6  
2 9 . 7 4   2 9 . 7 1  
2 9 . 7 7   2 9 . 7 4  
2 9 . 8 0  2 9 . 7 7  
29 .82  2 9 . 7 9  
2 9 . 8 3  2 9 . 8 0  
2 9 . 8 5  2 9 . 8 2  
DIF 
7: 
. o o  
. 0 1  
. 0 1  
.01 
.O1 
. 0 2  
. 0 2  
.02 
- 0 3  
- 0 3  
- 0 3  
- 0 3  
.Ob 
- 0 4  
- 0 4  
e 0 4  
05 
0 5  
0 5  
0 5  
a05  
0 6  
- 0 6  
- 0 6  
e 0 6  
- 0 7  
e 0 7  
- 0 7  
07  
0 7  
.08  




. 0 9  
. 0 9  
09  
. 0 9  
- 0 9  
09 
. 1 0  
.io 
. l o  
.10 
. 1 0  
011 
. l l  
.ll 
.ll  
C V  cu 
JIM0L.K 
20.78   20 .78  
20 .79   20 .78  
2 0 . 7 9  2 0 . 7 9  
2 0 . 7 9  20 .79  
20 .80  2 0 . 7 9  
20.80 2 0 . 7 9  
2 0 . 8 0  2 0 . 8 0  
20.80 2 0 . 8 0  
2 0 . 8 1  20.80  
20.81  20.80  
20 .82  2 0 . 8 1  
20 .81  2 0 . 8 0  
20.82 20 .81  
20 .82  2 0 . 8 1  
2 0 . 8 3  2 0 . 8 1  
2 0 . 8 3  2 0 . 8 1  
20 .83  20 .82  
2 0 . 8 4  20.32  
20.84  20.82  
20 .84  2 0 . 8 2  
20.84  20.83  
2 0 . 8 5  2 0 . 8 3  
20 .85  20 .83  
20 .85  20 .83  
2 0 . 8 6  2 0 . 8 3  
20 .86  2 0 . 8 4  
20.86  2 0 . 8 4  
20.87  2 0 . 8 4  
20.86  20 84 
20 .87  20 .85  
20 .87  2 0 . 8 5  
20.88  2 0 . 8 5  
20.88 20 .85  
20.88 20.85  
20.88 20.86  
20 .89  2 0  86 
20 .89   20 .86  
2 0 . 9 0   2 0 . 8 7  
2 0 . 8 9   2 0 . 8 6  
20 .90   20 .36  
20 .90  2 0 . 8 7  
20 .90  2 0 . 8 7  
2 0 . 9 1  2 0 . 8 7  
2 0 . 9 1  2 0 . 8 8  
20 .92  20.88 
2 0 . 9 1  20.88 
2 0 . 9 2  20.88  
20.92  2 0 . 8 8  
2 0 . 9 3  2 0 . 8 9  
25 .92  2 0 . 8 9  
D I F  
z 
. o o  
.Ol 
.Ol 
. 0 2  
. 0 2  
03 
03 
- 0 4  
04 
04  




. 0 7  
07  
- 0 7  
. 0 8  
0 8  
. 0 9  
. 0 9  
. 0 9  
. 1 0  
. 1 0  
. 1 0  
. l l  
. l l  
. l l  
. 1 2  
.12 
. 1 3  
. 1 3  
- 1 3  
1 4  
1 4  
1 4  





1 6  
16 
- 1 6  
- 1 7  
- 1 7  
1 7  
.18 
. I 8  
. 1 8  
V EL VEL 
M / S  
3 2 2 . 3 5   3 2 2 . 3 2  
322 .33   322 .31  
322 .37   322 .34  
322 .36   322 .33  
322 .39  3 2 2 . 3 5  
322 .40  3 2 2 . 3 6  
322 .42  322.3 7 
322.43 322.38 
322 .45  3 2 2 . 3 9  
3 2 2 . 4 8  3 2 2 . 4 2  
322.46 322 .40  
322.49 322 .43  
3 2 2 . 5 1  322 .44  
322 .52  3 2 2 . 4 5  
322 .54  322 .46  
322 .55  3 2 2 . 4 7  
322 .57  322 .49  
322 .58  322 .50  
322.60 322 .51  
322 .61  3 2 2 . 5 2  
3 2 2 . 6 4  3 2 2 . 5 5  
322.63 322 .54  
322 .66  3 2 2 . 5 6  
322.67 3 2 2 . 5 8  
322.69 3 2 2 . 5 9  
322 .71  322 .60  
322.72 322 .62  
322 .74  322 .63  
322 .75  3 2 2 . 6 4  
322.77 322 .66  
3 2 2 . 7 8  322.67 
322.80 322 .69  
322.82 322 .70  
322 .83  322 .72  
322 .85  322 .73  
322 .86  3 2 2 . 7 4  
322.88 3 2 2 . 7 6  
3 2 2 . 9 0  3 2 2 . 7 7  
3 2 2 . 9 1  322 .79  
322 .93  3 2 2 . 8 1  
322 .95  3 2 2 . 8 2  
322 .96  3 2 2 . 8 4  
323 .00  3 2 2 . 8 7  
322.98 322 .85  
323 .01  3 2 2 . 8 8  
323 .03  322 .90  
323 .06  322 .93  
323.05 3 2 2 . 9 2  
323.08 3 2 2 . 9 5  
323 .10  322 .97  
D I F  
7. 








. 0 2  
. 0 2  




. 0 2  
. 0 2  
. 0 2  
03  
03  
. 0 3  
0 3  
0 3  
. 0 3  
03  
0 3  
03  
03  
0 3  
03  
a 0 3  









s 04  
s 0 4  
s 0 4  
0 4  
- 0 4  
e 04 
0 4  
0 4  
04 
0 4  
04  
C2=  e2573863E-06 
PRES 
A T M  
.20 
- 6 0  
a 4 0  
.BO 
1 . 0 0  
1.20 
1 .40  
1 .80  
1 - 6 0  
2.00 
2 .20  
2.40 
2 . 6 0  
2 .80  
3 .00  
3 .20  
3 .40  
3.60 
3 .80  
4 . 0 0  
4.20 
4 .60  
4.40  
4.80 
5 . 0 0  
5 . 2 0  
5 . 4 0  
5 .60  
5 . 8 0  
6 . 0 0  
6 .20  
6 . 6 0  
6 .40  
6.80 
7.00 
7 . 2 0  
7.40 






8 - 8 0  
9 . 0 0  
9.20 
9 .40  
9 - 6 0  
1 0 . 0 0  
9 . 3 0  






- 4 0  














5 - 4 0  
3.60 
3.80 




















8 .00  
8.20 


















182.42 1 8 2 . 4 2  
181.44 181.44 
180.55 180.55 
179.76  1 9.75 
178.36  178.35 
179.03  179.03 
177.73 177.73 
177.15 177.15 
116 .61  1 7 6 . 6 1  
176.10 176.10 
175.62 175.62 
175 .16  175.16 
174.73 174.73 




173.19  173.19 








169.99 169 .99  
170.24 170.23 
169.15 169.75 






168.43  168.43 
168 .03  168 .03  
167.84 167.84 
167.65 161.65 
167.47  16 .46 
1 6 7 . 1 1   1 6 7 . 1 1  
167.29  167.28 
166.93  166.93 
D I F  
x 
. O D  
. o o  
. o o  
. o o  
. o o  
.oo 
. o o  
.oo 
. o o  
. o o  
. O D  
.oo 
. o o  
. o o  
. o o  
. o o  
.oo 
. o o  
.oo 
. o o  
. o o  
. o o  





. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
.oo 
. o o  
. o o  
. o o  
.oo 
. o o  
. D O  
. o o  
. o o  
. o o  
.oo 
. o o  
. o o  
. o o  
. o o  















































7 1  89.0 
7188.1  


























































. o o  
. o o  
. o o  
. o o  
.01 













. 0 2  
. 0 2  
. 0 2  
. 0 2  
. o 2  
.02 
.02 
. 0 2  
. 0 2  
. 0 2  
.03 
03 
- 0 3  
- 0 3  
0 3  
0 3  
03 




0 3  
03 
0 3  
e 0 3  
04 
04 
0 4  























5161 .1  
5159.6 
5158 .1  
5156.6 
5155 .1  
5153.7 
5152 .2  
5150.7 
5149 .2  


























5 1  03.3  
5 1  81.8 
5180.3 

























5141 .1  
5142.6 







5 1  29.0 
5126.0 
5127.5 








D I F  
x 
. o o  
. o o  
. o o  
. o o  
.00  
. o o  
. O D  
.o 0 
. o o  
.oo 
. 0 0  
. o o  





























. 0 2  
.O2 



























































TABLE I.- Continued 










































































. l e 0 8  
1899 
.1989 






















































- 2  353 
-2444 
-2535 






















D I F  
x -. 0 0  
-. 01 -. 01 
-. 01 -. 01 
-. 02  -. 01 
-. 02  -. 02 
-. 02 -.oz -. 03 -. 03 
-. 03 -. 03 
03 -. 03 
04 -. 0 4  -. 04 
- e  0 4  -. 04 
- e  0 4  -. 04 -. 05 
05 -. 05 -. 05 




06 -. 06 -. 06 
07 -. 07 
-. 07 07 -. 07 
- e  07 
07 -. 07 -. 08 
08 -. 08 -. 0 8  
CP CP 
J/MOL. K 
29.11 29. It 
29.12 29.12 
29.13 29.13 





29.22 2 9 - 2 1  
29.21 29.20 
29.24  29.23 
29.26  29.25 






29.25  29.24 
29.28  29.26 
29.30  29.29 

















29.47  29.44 
29.53  29.50 
















. 0 2  




















. 0 8  
. 0 8  





























2 0 . 8 0  20.79 
20.80 20.79 









20.83 2 0 . 8 1  
20.83 20.81 
20.83 20.81 
20.84 2 0 . 8 2  
20.84 20 .82  
20.84 20.82 
20.85 20.82 








20.87  20.83 
20.87 2 0 . 8 4  
20.88 20.84 

















D I F  
'1. 
.Ol 
. 0 2  
.Ol 
. 0 2  
.03 
-03 






























. I 9  
. I 9  
.19 
. 2 0  
. 2 0  















335.07  335.04 
335.11 335.08 



































335.92  335.86 
336.00  335.93 
335.97  335.91 
336.02  335.96 




336.13  36.06 

















. 0 1  
. 0 2  
.02  
. 0 2  
. 0 2  
. 0 2  
. 0 2  . 0 2  
.oz  
I O 2  
. 0 2  
. 0 2  
.02 
.02  
. 0 2  
.02  
.02  
. 0 2  
.02 
. 0 2  
.02  
.02 
. 0 2  
.02  
. 0 2  
.O2 
.02  





. 0 2  
. 0 2  





- 4 0  
e60 















































TABLE I.- Continued 
W 
ul 
TEliP=270. K 80=-.8836055E-02 El= -2403824E-03  82=-.2332314E-05 GO= .2690972E-03 Cl:: -1846232E-06 C2= m2029606E-06 
PRES 
ATti 
0 2 0  
4 0  




























































182 .01  182.01 
181 .28  101 .28  
180.61 t 8 0 . 6 1  
179.99 179.99 
179.41 179.41 







175.82 175 .81  
175.46 175.45 

















170.72 170 .71  
170.52 170 .51  
170.13 170.12 
170.32 170 .31  







. o o  
.oo 
. o o  
.no 
. o o  
. o o  
. o o  
. o o  
.oo  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o n  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
.oo  
. o o  
. o o  
. o o  
. o o  
.on 
. o o  
. o o  
.no 
.oa  
. o a  











































































































. o o  
. o o  
. o o  
. o o  




. 0 1  
.Ol 
.Ol 
. O l  
.Ol 
.02 
. 0 2  
.02  
. 0 2  
.02 . a2  
. 0 2  
.02 
.02  
. 0 2  
- 0 3  
. 0 2  
- 0 3  
- 0 3  
.03  





- 0 3  
.03 
03 




















5598 .4  
5597.1 
5595 .8  
5593 .1  
5594.4 
5590.5 























5560 .1  
5550.8 
5557.5 











































5 5  eo.6 
5564.3 
5563  - 0  
5 5 6 1  6 
5560.2 
5558 .9  



















. o o  
. o o  
. o o  
. O D  















. O l  
.Ol 
.02 















- 0 3  







- 0 3  





















































1 0 . 0 0  
9.80 
W m TABLE I.- Continued 
TEflP=290. K 80=- .4460336E-02 
PRES 
ATU 
. t o  
40 
- 6 0  
.80 
1 . 2 0  
1 .00  
1.40 














4 . 4 0  
4 . 6 0  





5 . 8 0  
6 . 0 0  
6 .20  
6 . 4 0  
6 .60  
6.80 
7.00  
1 - 4 0  
7 .20  
7 .60  
7 . 8 0  
8.00 
8.20  
8 . 4 0  
8.60  
8.80 
9 . 0 0  
9.20 
9 . 6 0  
9 .40  




- 0 0 8 4  
0 1 6 8  
- 0 2 5 2  
- 0  336 
. a 5 0 4  
- 0 4 2 0  
- 0 5 8 0  
0 6 7 3  
0 757  
0 841 
e 0 9 2 5  
1 0 9 3  
. l o o 9  
e 1 2 6 1  
m1177 
- 1 3 4 6  
- 1 4 3 0  
e 1 5 1 4  
, 1 5 9 8  
1 7 6 6  
a 1 6 8 2  
- 1 8 5 2  
e 1 9 3 5  
. 2 0 1 9  
- 2 1 0 3  
- 2 1 8 7  
- 2 2 7 2  
~ 2 3 5 6  
-2440 
- 2 5 2 4  
m2608 
2 6 9 3  
- 2 7 7 7  
2861 
e 2 9 4 5  
3114 
e 3 0 3 0  
- 3 2 8 3  
- 3 1 9 8  
- 3 3 6 7  
- 3 4 5 1  
. 3 5 3 5  
- 3 6 2 0  
e 3 7 0 4  
, 3 7 8 8  
. 3 8 7 3  
. 3 9 5 7  
- 4 1 2 6  
.Coli 
4 2 1 0  
DENS 
0 0  84 
- 0 1 6 8  
. 0252  
- 0 3 3 6  
- 0 5 0 4  
- 0 5 0 9  
-0 757 
ma841 
- 0 9 2 5  
. l o o 9  
1093 
a l l 7 8  
0420  
0 6 7 3  
. 1 2 6 2  
- 1 3 4 6  
1 4 3 0  
- 1 5 1 4  
. 1 5 9 9  
- 1 6 8 3  
1 7 6 7  
-1851 
1 9 3 5  
.PO20 
2104 
. 2 1 8 8  
22  73 
. 2 3 5 7  
a 2 4 4 1  
25 25 
- 2 6 1 0  
2 6 9 4  
a 2 8 6 3  
e 2 7 7 8  
e 2 9 4 7  
30 31 
3116 
e 3 2 0 0  
e 3 2 8 4  
3369 
. 3 5 3 8  
. 3 4 5 3  
- 3 6 2 2  
3706 
3791 
. 3 8 7 5  
- 4 0  44 
- 3 9 6 0  
41 28 
- 4 2   1 3  
CP CP 
J/flDL.K 
2 9 . 1 1  29 .11  
2 9 . 1 2  2 9 . 1 2  
2 9 . 1 3  2 9 . 1 3  
2 9 . 1 4  2 9 . 1 4  
29416 2 9 . 1 5  
2 9 . 1 8   2 9 . 1 7  
29 .17  2 9 . 1 6  
2 9 . 1 9  2 9 . 1 8  
29 .21  29 .20  
29 .20   29 .19  
29 .22  2 9 . 2 1  
2 9 . 2 3  2 9 . 2 2  
2 9 . 2 4  29 .23  
2 9 . 2 5  29.24 
2 9 . 2 6  2 9 . 2 5  
2 9 . 2 7  2 9 . 2 6  
29.30 2 9 . 2 8  
2 9 . 2 9  2 9 - 2 1  
29 .32  2 9 . 3 0  
2 9 . 3 3  2 9 . 3 1  
2 9 . 3 4  29 .32  
2 9 . 3 5  2 9 . 3 3  
2 9 1 3 6  2 9 . 3 4  
2 9 . 3 8  2 9 . 3 6  
2 9 . 3 7  2 9 . 3 5  
2 9 . 4 0  29 .38  
2 9 . 3 9  2 9 . 3 7  
2 9 . 4 2  2 9 . 3 9  
29 .43  2 9 . 4 0  
2 9 . 4 4  2 9 . 4 1  
2 9 . 3 1   2 9 . 2 9  
2 9 . 4 5   2 9 . 4 2  
2 9 . 4 6  2 9 . 4 3  
29 .47  2 9 . 4 4  
29.48 2 9 . 4 5  
2 9 . 4 9  2 9 . 4 6  
2 9 . 5 0  2 9 . 4 7  
2 9 . 5 1  29 .48  
29 .52  2 9 . 4 9  
2 9 . 5 3  29 .50  
29 .54  2 9 . 5 1  
2 9 . 5 6  2 9 . 5 2  
2 9 . 5 7  29 .53  
2 9 . 5 8  2 9 . 5 4  
2 9 . 5 9  2 9 . 5 5  
2 9 . 6 0  29.56 
29.61  2 9 . 5 7  
2 9 . 6 2  2 9 . 5 8  
29 .64  2 9 . 6 0  
2 9 . 6 3  2 9 . 5 9  
BE=-.1845577E-05 C O =  .3101873E-03 C l =  . 3 7 7 2 2 3 3 € - 0 5  
D I F  
z 
. O O  
.Ol 
0 01 
.Ol . 0 2  
. 0 2  
. 0 2  
.02 
- 0 3  
e 0 3  
- 0 3  
- 0 4  
- 0 3  
.04 
- 0 4  
0 5  
05 
e 0 5  
rn 05 
- 0 6  
- 0 6  
-06  
06 
- 0 7  
0 7  
. 0 7  
e 0  7 
. 0 8  
.08 
.08 
. 0 8  
. 0 9  
. 0 9  
. 0 9  





. l l  
. ll  
.ll 
. l l  
.12 
. l Z  
. l Z  
. 1 2  
1 3  
e13  
- 1 3  
cv cu 
J/MDL. K 
2 0 . 7 9  20 - 7 9  
2 0 . 7 9  20.79 
2 0 . 8 0  2 0 . 7 9  
20 .80  2 0 . 7 9  
2 0 . 8 0  2 0 . 8 0  
20.80 20.79  
2 0 . 8 1  2 0 . 8 0  
20 .81  2 0 . 8 0  
2 0 . 0 1  2 0 . 8 0  
20.82 20 .80  
20.82 2 0 . 8 1  
20 .82  2 0 . 8 1  
2 0 . 8 3  2 0 . 8 1  
20.83 2 0 . 8 1  
z 0 . 8 i  20.80 
2 0 . 8 3   2 0 . 8 1  
20 .83  ~ 0 . 8 1  
20.84 20 .81  
2 0 . 8 4  2 0 . 8 2  
20.84 2 0 . 8 2  
20.85 2 0 . 8 2  
20.85 2 0 . 8 2  
20.84  20.82 
20.85 20.82 
2 0 . 8 6  2 0 . 8 3  
2 0 . 8 5  20.82  
20.86 2 0 . 8 3  
20.86 2 0 . 8 3  
20 .86  2 0 . 8 3  
20.87 2 0 . 8 3  
20.87 2 0 . 8 3  
2 0 . 8 7  2 0 . 8 4  
20.87 2 0 . 8 4  
20.88 2 0 . 8 4  
20 .88  2 0 . 8 4  
20.88 2 0 . 8 4  
20.88 20 .84  
20.89  20.84 
20.89  20.85  
20 e89  20 85 
20 .89  20.85 
2 0 . 9 0  20 .85  
2 0 . 9 0  20.85 
20.90 2 0 . 8 5  
20 .90  20 .85  
2 0 . 9 1  2 0 . 8 6  
20 .91  2 0 . 8 6  
20 .91  20 .86  
20 .91  2 0 . 8 6  
20.92  20.86 





. 0 2  
. 0 3  
. 0 4  
. 0 4  
- 0 5  






. 0 9  
. 0 9  
.10 
.10 
. l l  
. l l  
. 1 2  
. 1 2  







. 17  
16 
- 1 7  
.18 
.18 
. 1 9  
. 1 9  
.PO 
.20 
. 2 1  
. 2 1  . 21 










f l /S 
347.16  3 4 7 . 1 3  
347 .19  347 .16  
347 .21  3 4 7 . 1 9  
347.24 347.22  
347 .27  3 4 7 . 2 5  
347 .33  3 4 7 . 3 1  
3 4 7 . 3 9  3 4 7 . 3 6  
347 .42  3 4 7 . 3 9  
347.45 347 .42  
347.47 3 4 7 . 4 5  
347 .50  347 .48  
3 4 7 . 5 3  3 4 7 . 5 1  
347 .56  3 4 7 . 5 4  
347 .59  347 .57  
347.62 347 .60  
347 .65  3 4 7 . 6 3  
347 .68  3 4 7 . 6 6  
347.71 3 4 7 . 6 9  
347.77 3 4 7 . 7 5  
347.74 3 4 7 . 7 2  
347 .00  3 4 7 . 7 0  
347.03 3 4 7 . 0 1  
347 .86  347 .04  
347 .30   347 .28  
347 .36   347 .33  
347 .89  347.07 
347.92  347 .90  
347.95 3 4 7 . 9 3  
347 .98  3 4 7 . 9 6  
348 .01  3 4 7 . 9 9  
3 4 8 . 0 4  3 4 8 . 0 2  
348 .07  348 .05  
348 .10  348.08 
348.13  3 4 8 . 1 1  
3 4 8 . 1 6  3 4 8 . 1 5  
3 4 8 . 1 9  3 4 0 . 1 8  
348 .23  3 4 0 . 2 1  
348 .26  3 4 8 . 2 4  
348 .29  348.27 
348.32  348 .30  
348 .35  3 4 8 . 3 4  
340 .38  348 .37  
348 .41  348 .40  
3 4 0 . 4 4  3 4 0 . 4 3  
348 .48  3 4 8 . 4 6  
3 4 8 . 5 1  348 .50  
348 .54  340 .53  
348 .57  3 4 8 . 5 6  
348 .60  3 4 8 . 5 9  
348 .63  3 4 0 . 6 3  




. O l  








. O l  
. a i  
. O l  
.01 
. O l  
. O l  
.Ol 
.01 
. O l  
.01 
.Ol 
. O l  








. a 1  
01 
. O l  
. O l  
.Ol 
. o o  
.oo  
. o o  
. oo  
. o a  
. o o  
. oo  




0 0  
.oo 
. o o  
C2= .1573080€-06  
PRES 
ATf l  
. 2 0  
40  
- 6 0  
.80 
1 . 0 0  
1.40 
1.20 








3 .40  
3. 20 
3.60  







5 . 2 0  
5 . 4 0  
5.80 
5 . 6 0  
6 .00  
6 . 2 0  
6 . 4 0  
6.60 
6 . 8 0  
7 . 0 0  
7 . 4 0  
7 .20  
7 . 8 0  
7.60 
8.00 
8 .20  
8 . 4 0  
8.60 
8.80 
9 . 2 0  
9 . 0 0  
9 . 4 0  
9 .60  
1 0 . 0 0  
9 .80  
W 
4 
TABLE I .- Continued 
TEHP=29O. K 80=-.4460336E-02 81: m1988092E-03  82=-.1845577i-05 C O =  .3101873E"l3 
PRES 





















































































174.87 174.87  
174.62 174.61 
















D IF  
x 
.oo 
. o o  
. o o  
. o o  
. o o  . 0 0  
. D O  
. o o  
. o o  
. O D  
. o o  
. o o  
. o o  
.oo 
. o o  





. o o  
.oo 
. o o  
.oo 
. o o  
. o o  
. D O  
. o o  
.oo  . a 0  
. o o  
. o o  
. o o  
. o n  
.oo 
.oo 
. o o  
. o o  
.oo 
. o o  
. o o  
.DO 
. o o  

























8 4 1 0 . 4  




















































































D I F  
x 
. o o  
. o o  


















. 0 2  
- 0 3  
03 
.03 
0 3  
.03 
.03 
- 0 3  
.03 
03 
- 0 3  
-04 
0 4  
0 4  
-04 
- 0 4  
- 0 4  
-04 
0 4  
04 





- 0 5  



























































6 0 1 7 . 0  
6015.7 














































Cl= ,3772233E-05  C2= .1573080E-06 
D I F  
x 
. o o  
.oo 
. o o  
.o 0 











. 0 2  






























e 0 4  
-04 






















3 .80  
































03 TABLE I.- Continued 
TEHP~310 .  K 60=-.8262681E-03 
PRES 
ATU 
e 2 0  
-40 
- 6 0  













5 - 4 0  
3.60 
3. 8 0  
































n o u L  
a0079  
- 0 1 5 7  
0236  
- 0 3 1 5  
- 0 3 9 3  
- 0  472 
0550 





. l o 2 2  
.lOl 
- 1 1 7 9  
- 1 2 5 8  
1 3 3 7  
-1415 
1 4 9 4  
~ 1 6 5 1  
1573  
e1730  
. l e 0 9  
1 9 6 6  
- 1 8 8 7  
a2123  
,2045 








e 2 8 3 1  
-2910  
e 2 9 8 8  
e3067  
a3146  
- 3 2 2 4  
- 3 3 0 3  
.3382 
.3539 








- 0  1 5 7  
02  36 
0315  
0393 











1 3 3 7  
- 1 4 1 6  
- 1 4 9 4  
1573  
e1652  
- 1 7  30 
.18  09 
. l a 8 8  













- 2 9 1 1  
3069  
- 3 1 4 7  
3226  
33  05 
.3383 
- 3 4 6 2  






0 I F  
x 
-. 0 0  -. 0 1  -. 0 1  -. 01 -. 0 1  
-. 0 1  - . a i  
-. 0 1  -. 0 1  -. 0 2  -. 02 
-. 0 2  -. 0 2  
-. 0 2  -. 02  -. 02  -. 02  -. 03 
“03 -. 03 
-. 03 
-. 03 
-. 0 4  -. 04 -. 04 





- e  04 -. 04 -. 04 -. 04 
05 -. 05 -. 05 -. 0 5  
-. 05 05 -. 05 
- a  05 -. 05 -. 05 -. 06 -. 0 6  
“ 0 6  





















































D I F  
x 
. o o  
.Ol 
.Ol 
. 0 1  
.Ol 
.Ol 





0 3  
- 0 3  
03 
- 0 3  
- 0 3  
.04 
. 0 4  
- 0 4  
04 





0 5  
06 
06 
0 6  
06 
-06  
s 0 7  
07 
0 7  
- 0 7  
07 
.08  













cv  c v  
J/UOL.K 
20.80 20 .80  
20.80 20.80 
20 .80  2 0 . 8 0  
20.81 20.80 
20. 8 1  20.80  
20.81 20.80 
20.81 2 0 . 8 0  
20.81 20.81 
20.82 20 .61  
20.82 20.81 
20.82 2 0 . 8 1  
20.82 20.81 
20.83 2 0 . 8 1  
20.83 2 0 . 8 1  
20.83 20.81  
20.83 20.82  
20.84 20.82 
20.84  20.82 

























20. 89 20.85 
20.90 20.85 




20.91  20.86 
CO= .4144916€-03 C l =  -6535021E-05  




. 0 2  
.oz 
03 







- 0 7  
07 
.08 








. t 2  
.13 
- 1 3  
rn 1 4  
14 
1 4  
- 1 5  
m 15  
- 16 
1 6  
.17 
- 1 7  








. 2 1  
. E l  
.21 

















































360.48  360.51 
360.44  360.47 
360.55 360.58 
360.52  360.55 
360.59  360.62 








. o o  





. o o  
. o o  
. o o  
. o o  




.oo -. 00 
- .oo  -. 00 
- .oo  
- .a0  -. 0 0  
- . D O  -. 0 0  -. 0 0  -. 0 0  
- .a0 -. 00 -. 0 0  -. 00 -. 0 0  
-.oo 
-.01 
- . 0 1  
-.01 -. 0 1  -. 0 1  
-.01 -. 0 1  
-.01 
-. 0 1  - . a 1  
-.Dl 
-.a1 
360.63  3 0.66 “ 0 1  
C2=  ,1203368E-06 
PRES 
ATH . 20 


















































A T n  




. 8 0  
1.20 













3. 8 0  
4.20  
4.60 
4 . 4 0  
5.00 
4 . 8 0  
5.40 
5 .20  
5.60 
5.80 
6 - 2 0  

















9 - 6 0  

























1 8 0 . 2 4  1 8 0 . 2 4  





1 7 8 . 2 2  178.21 









175.65 175 .64  
175143  175.42 
175.21 175.20 
175.00 174.99 
174.8 0 174.79 










. o o  
. o o  
. o o  
. o o  
. o o  
.oo 
. o o  
. o o  
.oo 
. o o  
. o o  
. o o  
.oo 
.on 
. o o  
. o o  
. o o  
. o o  
. o o  
.oo 
. o o  
. o o  
. o o  
.oo 
. o o  
.oo 
. o o  
.no 
. o o  
.oo 
. o o  
. oo  
. o o  
. o o  
. o o  
. o o  
. o o  




















































































































D I F  
x 
.no 
. o o  










. a 2  
. a 2  
. 0 2  
.o2 
. 0 2  
. 0 2  















0 4  
.04 
04 
0 4  
05 

























6 4 2 0 . 8  
6421.8 
6419.8 











6 4 0 7 . 2  
6406.1 
6 4 0 4 . 0  
6405.1 
6403.0 







































































Cl= .6535021€-05 C2= a1203368E-06 

















. 0 2  
.02 
. 0 2  






e 0 3  
-03 
03 











e 0 4  
e 0 4  
-05  




























































b P  
0 TABLE I.- Continued 
DENS 
HDL/L 
e 0 0 7 4  
- 0  148  
. 0 2 2 2  
- 0 2 9 5  
e0369  
- 0 5 1 7  
I 0 4 4 3  
- 0 5 9 1  
0665  
. 0 7 3 8  
. a 8 1 2  
- 0 8 8 6  





1 3 2 9  
140 3 
.1477 




e 1 7 7 2  
e1993  
- 1 9 1 9  
2 0 6 7  
e2141 
. 2288  
- 2 2 1 5  
2362 
- 2 4 3 6  
2510  
m2583 
e 2 6 5 7  
2 7 3 1  
e 2 8 0 5  
rn 28 79 
- 2 9 5 2  
e 3 0 2 6  
- 3 1 7 4  
- 3 1 0 0  
e 3 2 4 7  
3 3 2 1  
.3395  
a3468  
3 5 4 2  
3 6 1 6  
- 3 6 9 0  
DENS 






- 0 5 1 7  






- 1 0 3 4  
,1108 
.1162 
- 1 2 5 6  
- 1 3 2 9  
- 1 4 0 3  
- 1 4 7 7  
- 1 5 5 1  
- 1 6 2 5  
1 6 9 9  








. 2 3 6 3  
2 5 1 1  
- 2 4 3 7  
- 2 5 8 4  
- 2 6 5 8  
. 2 7 3 2  
28 06 
- 2 9 5 4  
.2880 
. 3 0 2 7  
- 3 1 7 5  
. 3 3 2 3  
- 3 3 9 6  
3470  
.3544 
3 6 1  8 
- 3 6 9 1  
3 1 0 1  
3249  
D I F  
z 
- . o o  -. 0 0  -. 0 1  -. 0 1  -. 01 
-. 0 1  -. 0 1  -. 0 1  -. 0 1  
- . 0 1  -. 0 1  -. 0 2  -. 02  
- . 0 2  
- .a2  -. 02 -. 0 2  -. 0 2  -. 0 2  -. 0 2  -. 02  
03 
- e 0 3  -. 03 
- e  03 
03  -. 03  
03 
0 3  -. 0 3  -. 03 
-. 0 4  -. a3  -. 0 4  -. 04 
04 -. 0 4  
-. 0 4  -.os 
0 4  
04  
- e  04  -. 04  -. 04 0 4  -. 05 -. 05 
05 
-e05  
0 5  
B l =  .1398246€-03  BZ=- . l152995E-05 CO: .5671822€-03 Cl= e8636027E-05 
CP  CP
J/HOL. K 
29.13  29.13 




29.17 29 .17  
29.18 29 .17  
29.18 29.18 
29.19 29 .19  
29.20 29.20 
29.21 29.20  
29.22 29.21 
29.22 2 9 . 2 2  
29.23 29.23 
29.24 29 .23  





































2 0 . 8 1  20.81  
20. 8 1  20 .81  
20 .82  20.81 
2 0 . 8 1  2 0 . 8 1  
20 .82  20.81 
20.82 20.82 
20.82 2 0 . 8 2  
20.82 20.82 
20.83 2 0 . 8 2  
20.83 2 0 . 8 2  
20.83 20 .82  
20.83 20 .82  
20.83 20.82 
20.84  20.82 








20.86 2 0 . 8 4  
20.85 20 .83  
20.86 20.84 
2 0  -86 2 0 . 8 4  
20.86 2 0 . 8 4  
20.86 20 .84  
20.86 20.84 
20.87 2 0 . 8 4  












2 0  - 8 9  20 .86  






20.90 20 .87  
VEL 
H /  S 
370.28 
370.32 

















































370 .30  
370.37 
370.33 















371 .01  































0 I F  
x 
.01  
. o o  
.Ol 
. o o  
, o o  
. o o  
.DO 
. o o  
.oo 
. D O  
. o o  
. o o  
. o o  
. o o  
- . O D  
-. 0 0  - .a0 -. 0 0  
- .a0 -. 00 
- . D O  -. 0 0  
-.oo -. 0 0  
-.oo 
- . o o  
- . 0 1  
- . 0 1  
- . 0 1  -. 01 -. 01 
- . 0 1  
-.Dl 
- . a 1  
- . a 1  
-.01 
-. 0 1  - . a 1  
-.Ol -. 01 
- . 0 1  
- . 0 1  
-. 01 - . 0 1  
- . a 1  
- . 01  -. 0 1  
- . a i  
- . a 1  
-. a1 




e 4 0  
e 6 0  




































8 . 0 0  
8.40  
8.20 






1 0 . 0 0  
9.80 
TABLE I.- Continued 




- 6 0  



































































184.23  184.23 


































. o o  
. o o  
. o o  
.oo 




. o o  
.oo 
.oo 
. o o  
.oo 




. D O  
.oo 
. o o  
.oo 
.oo 
. o o  
. o o  
.oo 
. o o  
.oo 







. O l  
.Ol 
.Ol 
. O l  
. O l  
. 01  
.01 
.Ol 







































































































9552  -9  
9551.9 






O IF  
x 
. o o  
. o o  
.oo 
. O l  
.ill 
.Ol 
. 0 1  
.Ol 
.Dl 
















- 0 3  
03 



































































681  0.0 
6809.1 
































































































a 0 5  
05 
e 0 5  






- 0 6  
- 0 6  
.Ob 













































































































- 0 1 3 9  
0 2 0 9  
- 0 2 7 9  
0348 
. o u a  
0 487 
- 0 5 5 7  
- 0 6 2 7  
- 0 7 6 6  
0696  
- 0 8 3 5  
- 0 9 0 5  
0 9 7 4  
- 1 0 4 4  
e 1 1 1 4  
- 1 1 8 3  
1 2 5 3  
1 3 2 2  
- 1 3 9 2  
1 4 6 1  
e1600  
153  1 
- 1 6 7 0  
1 7 3 9  
- 1 8 0 9  
- 1 8 7 8  
.PO18 
208 7 
- 2 1 5 6  
e2226  
2295 
- 2 4 3 4  




- 2 6 4 3  
27   12  
a2782 
2 8 5 1  
- 2 9 2 1  
e 2 9 9 0  
- 3 0 5 9  
3129 
3198  
- 3 2 6 8  





- 0 1 3 9  
.0209 
- 0 2 7 9  
0348  
0418  




- 0 6 2 7  
. oa 35 
0 975  
- 0 9  05 
- 1 0 4 4  
- 1 1 1 4  
- 1 2 5 3  
- 1 3 2 3  
. i t a 3  
a1392 
- 1 4 6 2  
- 1 5 3 1  
1 6 0 1  
-1670  
1740  





2 1 5 7  
,2227 
a2366  









e 2 9 9 1  
-3060 
3199  





D I F  
x -. 0 0  -. 0 0  -. 01 -. 0 1  -. 0 1  
-.01 -. 0 1  -. 0 1  -. 01 -. 0 1  
-. 0 1  -. 0 1  -. 0 1  -. 0 1  -. 0 1  -. 0 2  -. 02  
- . a 2  
- . 0 2  
-. 0 2  -. 0 2  -. 0 2  -. 0 2  -. 0 2  -. 0 2  
-. 0 2  -. 0 2  -. 0 2  -. 03 -. 03 -. 03 
-. 03 -. 03 -. 03 
- e  03 
-. 03 -. 0 3  
-. 03 -. 03 -. 03 -. 03 -. 03 -. 03 -. 04 -. 04 -. 04 
-. 04 -. 04 
-. 04 
04 
TABLE I.- Continued 

























































29. 1 6  
29.17 
29.17 













































D I F  
x 
.oo 
. o o  
-. 0 0  
-.oo 
- . o o  
-.oo 
- . o o  
- . O D  
- .oo 





-. 0 0  
-. 0 0  
-.oo 
-. 00 - . 0 0  












-. 0 1  - . O t  








-.01 -. 0 1  -. 0 1  -. 0 1  
-.01 
-.01 
- e 0 1  
-. oo 









2 0 . 1 ~  2 0 . 8 4  
20.84 2 0  84 
2 0 . 8 4  20.84 
2 0 . 0 4  20.84 
20.~15 2 0 . 8 4  
20.85 20.84 
20.85  2 0 . 8 4  
20.85 2 0 . 8 4  
20.85 20.84 
20.85 2 0 . 8 4  






20 .86  20.85 
20.86 20.85 
20.87 20.85 
20.87 2 0 . 8 6  
20.87 20.86 
20.87 20.86  
20.87 2 0 . 8 6  
20.87 20.86 
20.87 20.86  
20.87 2 0 . 8 6  
20.88 2 0 . 8 6  
20 .88  2 0 . 8 6  
20.08 20.~16 
20.88 20.87 









20.89 20 .88  
20.90 2 0 . 8 8  
20.90 20 .88  
20.89 20.88 
D I F  
% 
. o o  




. 0 1  
. 0 2  
.02 
. o z  
. 02  
.02 
- 0 3  
03 
.03 







- 0 5  
- 0 5  





- 0 6  
.Ob 
Ob 
O b  
.Ob 







. 0 8  
. 0 8  
.OB 
. 0 8  
. 0 8  
. 0 8  
. 0 8  
.08  
. 0 8  
.09 
VEL VEL 
f l /S  





381.45  381.43 
















382.24  302.26 
382.33 382.34 






382.37  382.39 























. o o  
. o o  
. o o  
.oo 
. o o  




. o o  
. o o  
.oo -. 0 0  
-.oo 
- . a 0  -. 0 0  -. 0 0  
- .oo -. 0 0  
- . O O  
-.oo 
-.oo 
-.oo -. 0 0  -. 0 0  
- . O D  
-.oo -. 0 1  -. 01 
-.01 -. 0 1  -. 0 1  
-.01 
-. 0 1  
- .01 









-.Ol -. 0 1  -. 0 1  




~ 4 0  
-60 

























































. a 0  
1.00 
1 . 4 0  












3 . 8 0  




4 . 8 0  
5.20 
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Temperature, K 
Figure i.- Percent of deviation from TN 648 values a t  the saturat ion boundary 
for  various thermodynamic properties X. 
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Figure 2.- Percent of deviat ion from TN 648 values of specific heat  at  constant  
pressure versus pressure at isotherms of 70 to 140 K .  






Figure 3.-  Percent of deviation  from TN 648 values of internal  energy  versus 
pressure at some  isotherms  from 70 to 130 K. 
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Pressure, atm 
Figure 4.- Percent of dev ia t ion  from TN 648 values  of enthalpy versus pressure 
at  some isotherms from 70 to 130 K .  
Pressure ,  atm 
Figure 5.- Percent of d e v i a t i o n  from TN 648 va lues  of entropy versus pressure 
a t  isotherms of 70 to 1 1  0 K. 
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Pressure, a t m  
Figure 6.- Percent of deviation from TN 648 values  O f  density versus pressure 
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Pressure, atm 
Figure 7.- Percent of deviation  from TN 648 values of sound  speed  versus  pressure 








0 Experimental d a t a  
- Beattie-Bridgeman equation 












Figure 8.-  Percent of dev ia t ion  from the  v i r ia l  equat ion  of sound speed a t  80 R 
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Figure 9.- Percent of deviation from the virial equation of sound speed a t  150 K 
















0 Exper imenta l   data 
- Beatt ie-Br idgeman  equat ion 
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Figure 10.- Percent of deviation from the vir ia l  equation of sound speed a t  31 0 K 
for Beattie-Bridgeman equation, Jacobsen equation, and experimental data. 
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